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I. GRADIENT ANALYSIS 


INTRODUCTION 


NATURE OF THE STUDY 
The Great Smoky Mountains and 
North Carolina support vegetation which is particu- 
larly rich in species and varied in community types. 
In the summer of 1947 field work was carried out 


of Tennessee 


1 Based on a thesis (Whittaker 1948); a contribution from 
the Department of Zoology, University of Illinois, Urbana, and 
the Biology Department, Brooklyn College. 
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SUMMARY 


Note on aaiinibining Publication of aauiin 
B and C 


The work was origi- 


for a study of this vegetation. 
nally intended to provide information on the vege- 
tation for the sake of its own interest and as a basis 


for studies in animal ecology (Whittaker 1952). A 
major purpose of both this and the preceding study, 
however, was use of the complex pattern of natural 
communities in the Great Smoky Mountains for re- 
search into the theory of community units or asso- 
ciations. For this purpose, the approach to vegeta- 
tation was based on sampling without regard to ap- 
parent associations and analysis of the samples in 








2 R. H. WuirTaKer 


relation to environmental gradients. It was felt that 
relative validity of vegetation types should emerge 
from data impartially obtained, and that the rela- 
tions of types to one another should be revealed in 
the study of their populations in relation to environ- 
mental gradients. The work thus departs from the 
traditional approach of studying intuitively recog- 
nized types or associations; it is an experiment in 
population analysis of a whole vegetation pattern. 

The first part of the monograph describes results 
of the analysis in terms of relations of species po) :- 
lations to one another and environmental gradicats, 
and trends in community composition and structure 
along environmental gradients. The second part in- 
terprets the vegetation as a complex pattern, within 
which vegetation types may be understood through 
the distributional relations of species populations. 
The third part presents a more conventional de- 
seription of vegetation types and considers the re- 
lations of these to topography. The study as a whole 
thus seeks to analyze, interpret, and describe the 
complex vegetational mantle of the Great Smoky 
Mountains. 


LITERATURE ON AREA 

A series of studies by Cain deal with vegetation of 
the Smokies—the heath balds (1930b), subalpine 
forests (1935), and cove hardwoods (1943), floristic 
affinities (1930a), reaction (1931), Raunkiaer 
life-forms (1945), and bryophyte unions (Cain & 
Sharp 1938). A number of vegetation types were 
described by Cain et al. (1937). The grassy balds 
were reported on by Camp (1931, 1936) and Wells 
(1936a, 1936b, 1937); the subalpine forests were 
recently described by Oosting & Billings (1951) and 
the beech gaps by Russell (1953). These papers and 
the description in Braun (1950) are the extent of the 
literature dealing specifically with the vegetation of 
the Smokies. Other studies include descriptions of 
Southern Appalachian vegetation types, among them 
Harshberger’s report (1903) and book (1911), Wells 
(1924) and the forestry reports of the Message from 
the President (Ayres & Ashe 1902), Reed (1905), 
Holmes (1911), Ashe (1922), and Frothingham et 
al. (1926). Of studies in nearby areas Braun’s papers 
on the Cumberland Mountains—Pine Mountain 
(1935b), Black Mountain (1940a), and the Cumber- 
lands (1942, 1940b)—and material in the book on 
the eastern forests (1950) were most valuable for the 
related vegetation of the Smokies. Other Appalachian 
and eastern studies—Harshberger (1905) and Heim- 
burger (1934) on the Adirondacks, Core (1929) on 
Spruce Mountain, Davis (1930) on the Black Moun- 
tains, Conard (1935) on Long Island, Raup (1938) 
on the Black Rock Forest, Oosting & Billings (1939) 
on Ravenel’s Woods, Oosting (1942) on the Pied- 
mont, and, particularly, Brown (1941) on Roan 
Mountain—contributed comparative information. A 
bibliography of other papers dealing with the Smokies 
is given by Mason & Avery (1931). Taxonomic ref- 
erences for the area are Small (1933), Shanks & 
Sharp (1947), Gleason (1952), and Fernald (1950). 
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GEOLOGY AND CLIMATE 


The Great Smoky Mountains are part of the Blue 
Ridge Province, a system of mountains of great an- 
tiquity. This part of the Southern Appalachians 
comprises two major ranges, the Blue Ridge proper 
and the Unaka Mountains, along with their con- 
necting cross-ranges (Fenneman 1938). The two 
main ranges lie parallel, from northeast to southwest, 
with the Unakas, of which the Smokies are part, to 
the north. The drainage, north from the divide of 
the Blue Ridge, is northwest into the Great Valley of 
the Tennessee River; and rivers flowing from the 
Blue Ridge to the Great Valley through the Unakas 
cut the latter into a series of segments divided by 
deep gorges. The Great Smoky Mountains are the 
largest and highest of these segments, between the 
Little Tennessee and Big Pigeon Rivers. 

The crest of the Great Smoky Mountains forms 
the state border of Tennessee and North Carolina, 25- 
50 miles southwest of the city of Knoxville in the 
Great Valley. The range has the appearance of a 
long, sinuous ridge connecting irregularly spaced 
domes, with secondary ridges and hills spreading on 
each side (Fig. 1). The mountains are stream-eroded 
to physiographic maturity; in form they are sub- 
dued (Fenneman 1938) though rugged. Many of the 
summits and ridges are rounded, and almost all the 
mountain surface is covered by a mantle of soil and 
vegetation. The resistant rocks have maintained high 
relief in spite of age.: Sixteen peaks have elevations 
above 6000 ft (1830 m); and the highest summits rise 
more than 5000 ft above the valleys a few miles to 
the north. Valleys are eut deep into the mountain 
mass, with steep slopes and narrow flats. The slopes 
form most of the area of the mountains; it has been 
estimated that less than 10% of the surface has less 
than 10 degrees of slope (Message from the Presi- 
dent. 1902). 
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Fig. 1. Mature, forest-covered topography of the Great Smoky Mountains, a view of the southeast slope 


from Frye Mountain near Bryson City, North Carolina. 


tanooga, Tenn. 


Most of the rocks of the mountains belong to the 
Ocoee series (Safford 1869, Stose & Stose 1944, 1949, 
King 1949) of complexly folded, metamorphic sedi- 
mentary rocks which are resistant to erosion and 
fairly uniform in their reaction to it. Deposited in 
Cambrian or late pre-Cambrian time (Keith 1902, 
Stose & Stose 1949, King 1949), they were first folded 
into mountains in the Appalachian Revolution of 
the late Paleozoic. The mountains were raised 
further in the Cretaceous and have since that time 
been through three cycles of erosion, the Schooley, 
Harrisburg, and present (Wright 1931). While some 
higher ridges of the Smokies may remain from the 
Schooley cycle of the earlier Tertiary (Willis 1889, 
King & Stupka 1950), it is probable that throughout 
this the area was one of hills or low mountains (Fen- 
neman 1938, Wright 1942, Braun 1950). After a 
second elevation, probably in the Miocene, the moun- 
tains persisted through the shorter Harrisburg eycle, 
the peneplane of which may be suggested by some of 
the lower ridges (King & Stupka 1950). The moun- 
tains were again raised at the end of the Tertiary. 
During the Pleistocene the Smokies were well south 
of the ice sheets and possessed no glaciers; but there 
are indications that climatic cooling produced a tim- 
berline on the higher summits (King & Stupka 1950), 
displacing forest vegetation toward lower elevations. 
It is believed, from distributional evidence discussed 
later (Part IIIT) that high-elevation forests were dis- 
placed upward 1000 to 1300 ft above present levels 
during the warm dry period following glaciation. 


Reproduced by permission of W. M. Cline Co., Chat- 


The southern mountains have played a great part 
in the vegetational history of the East (Braun 1938, 
1941, 1950). While other areas have been glaciated, 
submerged, and exposed to great climatic change 
(Fernald 1931), the Southern Appalachians have 
offered a sanctuary for many species of plants and 
animals. The Blue Ridge System has been con- 
tinuously occupied by plants and animals for perhaps 
200 million years (Cain et al. 1937). During the 
early Tertiary the higher elevations of the Smokies 
and Blue Ridge probably supported temperate for- 
ests ancestral to those now in the area while sub- 
tropical floras prevailed at sea level (Cain 1943). 
It is in the Blue Ridge Provinee and other areas 
where the Schooley peneplane was never perfected 
that most typical mixed mesophytic forests, most 
closely related to the Arctotertiary forests, have sur- 
vived (Braun 1950 :505). During the climatic changes 
to which eastern vegetation was subjected, the topog- 
raphy of the Southern Appalachians offered varied 
conditions of moisture and elevation in which species 
of diverse climatic adaptations might survive while 
sometimes destroyed elsewhere. 

It might be expected that age and maturity of the 
mountains would be reflected in maturity of their 
plant cover, as well as in antiquity of some of the 
flora. Primary succession is nearly completed in the 
Smokies; it is perhaps in progress on a few peaks 
and ridges, but almost all the vegetation is either 
topographic climax or secondary. One of the major 
forest trees, the chestnut (Cestanea dentata), was 
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infected by the blight in the period from 1925 to 
1930; and most trees were killed by the early 1940s. 
Death of the chestnuts altered many forest stands by 
opening canopies and permitting increased reproduc- 
tion of other species. Areas of second-growth due to 
human disturbance are extensive. Many valleys and 
lower slopes were cleared or cut in the course of 
settlement, and undisturbed valley stands at low ele- 
vations are rare. Some of the higher slopes have been 
logged. Fires, set by man and by lightning, have 
swept many of the drier slopes at all elevations. A 
large area of mountain vegetation which is virgin or 
but little disturbed, however, is protected by the 
Great Smoky Mountains National Park. 

The complexity of the climax forests is a further 
expression of the the physiography and history of 
the mountains. Because of age and diversity of habi- 
tats, the flora is rich and contains a high proportion 
of endemic species for an eastern flora. Approxi- 
mately 1300 species of flowering plants, including 130 
species of native trees, have been found in the 
Smokies (King & Stupka 1950); and Cain et al. 
(1937) estimated that 3.1% of the flora is endemic 
to the Unaka Range, an additional 8.5% to the 
Southern Appalachian Mountains. The variety of 
habitats, ranging from most mesie valleys to dry 
slopes and ridges in moisture conditions and from 
austral to subalpine in temperature, causes the ap- 
pearance of many vegetation types in different sites. 
Since, however, the rocks of the mountains themselves 
are relatively homogeneous (predominantly quart- 
zites and slates), the vegetation is not further com- 
plicated by great differences in soil parent-material. 
Only in some of the northwestern coves, where 
fensters or windows through the overthrust rocks ex- 
pose limestones (Fenneman 1938), do calciphile com- 
munities occur. Geologically and biologically these 
coves are inliers from the Great Valley; and they 
are considered outside the scope of this study. Aside 
from these coves, the soils of the Smokies are acid, 
with acidities generally increasing toward higher 
elevations and more exposed sites (Cain 1931). 

From the high relief of the Smokies both marked 
variation in local climates and a humid general cli- 
mate result. Mean temperatures decrease with ele- 
vation at an average rate of 2.23° F per 1000 ft, so 
that high elevations average 10-15° cooler than the 
base of the mountains during the growing season 
(Shanks 1954). Sea-level climates most nearly equiva- 
lent to those of high elevations in the Smokies may 
oecur about 1000 mi. to the northeast, in northeastern 
Maine or adjacent New Brunswick (Shanks 1954). 
By the Thornthwaite (1931, 1941, 1948) climatic 
classifications, low elevations of the range are humid 
mesothermal, and high elevations perhumid micro- 
thermal; intermediate elevations are differently clas- 
sified by the two systems (Shanks 1954). 

Annual precipitation values range from 50 to 60 
in. (127-152 em) in the lower valleys (Gatlinburg, 
Elkmont, and Maryville records) to more than 80 
in. (203 em) at high elevations, the highest in the 
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United States outside the Northwest Coast. Series 
of summer thunderstorms advancing along the ridge 
and banks of cloud in the canyons are familiar sights 
in the mountains. The Smokies share with surround- 
ing areas the distinctive Southern Appalachian pre- 
cipitation regime, with two maxima, one in winter or 
early spring and the other in late summer (Henry 
1902, Ward 1925, Kendrew 1937). Monthly precipi- 
tation data for low and high elevations have been 
previously published (Whittaker 1952:2, Shanks 
1954). To the humid climate may be related also the 
haze which, most of the time, lies over the mountain 
landscape and which gave the Great Smoky Moun- 
tains their name. 

METHODS 

In Part I data on the vegetation of the Great 
Smoky Mountains will be discussed in relation to 
three groups of questions: (1) How are species popu- 
lations distributed in relation to environmental gradi- 
ents and one another? (2) What trends in com- 
munity composition and structure along environ- 
mental gradients may be observed? (3) How are 
community-units to be understood in terms of the 
relations of stands and of species populations to one 
another? The third of these, and the objective of 
studying the nature of community-units, required the 
use of means of sampling unprejudiced by assump- 
tions about community-units. The two methods of 
sampling used were field transects, with samples 
taken at fixed intervals along environmental gradi- 
ents, and site-samples taken at random, so far as 
possible, through the whole vegetation pattern. 

FIELD TRANSECTS AND TREE CLASSES 

Almost any valley of the Smokies contains a series 
of vegetation types from the stream-side to the open 
slope or ridge above. The basic sequence of types 
below 4500 ft (1370 m) includes: (1) cove forest 
(mixed mesophytie association) in most mesic sites 
of valley bottoms and lower slopes, (2) oak-chestnut 
forest on less mesic sites, (3) oak-chestnut heath in 
still drier or more xeric sites, and (4) pine forests 
and pine heaths on the driest south- and southwest- 
facing slopes. At elevations above 2500 ft (760 m) 
stands dominated by hemlock (T7suga canadensis) 
usually appear between the deciduous cove forests 
and the oak-chestnut forests, and below 2500 ft oak- 
hickory forests often occur between cove forest and 
oak-chestnut forest. Analysis of this sequence of 
plant populations and vegetation types along the 
“moisture gradient’ was a major problem of the 
study. The field transects were used as a first step 
in this analysis, on which the more detailed composite 
transects described below are dependent. 

In field transects, vegetation samples were taken at 
uniform intervals of distance or elevation from the 
valley bottom to the ridge above it. At each sampling 
point the site was described by topographic position, 
elevation, direction of exposure, and degree of slope. 
Trees were tallied, with diameters at breast height 
from 1 in. up recorded for each species; about 100 
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stems were the usual sample for each of 7 to 10 
stations. Along with the tree count the undergrowth 
was recorded by a coverage estimate for each stratum 
and a list of major and minor species. An example, 
one of six such transects made, will show the method 
and its relation to the composite transects. 

On the Bullhead Trail to Mt. Le Conte, seven 
sample counts were made at intervals of 25 m from 
the valley bottom to the southwest-facing slope, all 
at elevations of 3100 ft. In the tables an additional 
sample from a deep valley forest was added to the 
beginning of the series, since the small valley of the 
transect did not represent the extreme of mesic con- 
ditions. Percentages of stand for the trees and oce- 
currences of shrubs and herbs were arranged for the 
8 stations as in Table 1. In analyzing transects with 
relatively small samples, simple tallying of numbers 
of stems for each species was preferred to basal-area 
computation. Canopy dominance was determined 
separately from larger samples. 

Individual species of trees are well scattered along 
the gradient, but certain loose groupings of species 
may be suggested. Some species have their maximum 
abundance in the deep-valley cove forest, station K 
of the transect, or are abundant there and have their 


TaBLE 1. Bullhead field transect of moisture gradient. 
Along trail from Cherokee Orchard to Mt. Le Conte, in 
a small dry valley at 3100 ft and out onto adjacent 
southwest slope. Trees by percentages of stand from 
l-in. class up. 





Tree species 4 VII 


Tsuga canadensis. . 
Halesia monticola. 
Aesculus octandra. . 
Acer saccharum 

Tilia heterophylla . 

Fagus grandifolia.. . . 
Betula allegheniensis . . . 
Liriodendron tulipifera . 
Magnolia acuminata . 
Ilex opaca... . 

Carya cordiformis... . 
Frazinus americana. . 
Cladrastis lutea 
Magnolia f. aseri 

Acer rubrum. Sea's 
Quercus borealis v. maxima. . 
Carya glabra. . 

Ostrya virginiana 

Acer pensylvanicum 
Betula lenta. . 
Hamamelis virginiana. . 
Clethia acuminata......... 
Amelanchier arborea... . 
Robinia pseudoacacia. . 
Castanea dentata (dead) . 
Quercus prinus. 
Ozydendrum arboreum 
Nyssa sylvatica. 
Sassafras albidum. . 
Quercus coccinea 

Pinus pungens 

Pinus rigida. . 








Nnwonw- NO Se = 








Total stems 




















X, present at less than .5%. , 
*Kalanu Flats, a cove forest 6 mi. east of transect area, elevation 2800 ft. 
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maxima in the second or third stations. At the other 
extreme are species which have their maxima in the 
most xeric site, station VII, and do not extend to 
sites less xeric than station VI. Between these ex- 
treme groups there are a number of species with 
their maximum populations in stations III to VI. 
These might be grouped together; but they may also 
be separated into two groups, one having maxima in 
stations III and IV, extending on the mesie side to 
station I or II but not beyond V on the xerie side, 
and the other having maxima in stations V and VI 
and extending to the xeric extreme, but not beyond 
IV on the mesic side. The four groups are used as 
classes of trees along the moisture gradient. They 
may be characterized as follows: 

1. Mesics—Species with maxima in or near the 
most mesic sites and with limited extent into more 
xeric situations, occurring rarely in the part of the 
gradient represented by oak-chestnut heath. These 
species predominate in the cove forests. 

2. Submesies—Species which have their maxima in 
fairly mesic sites, but are uncommon or absent in 
most mesie sites and do not extend to most xeric sites. 
These species predominate in oak-hickory forests at 
lower elevations and in red oak-chestnut forests at 
higher elevations. 

3. Subxerics—-Species which have their maxima in 
more xeric sites, but occur in most xeric sites only as 
minor species and are absent from most mesic sites. 
These species predominate in oak-chestnut heaths and 
at higher elevations in white oak-chestnut forests. 

4, Xeries—Species which have their maxima in 
most xeric sites and have limited extent into less 
xerie sites, extending into the range of dominance of 
the previous group and no further. These species 
predominate in pine forests and pine heaths. 

The same “classes” are recognized for shrub and 
herb populations. Lists of species for each are given 
in the “Summary of Distributional Groupings.” 

The moisture gradient is one of great complexity; 
along the gradient from stream-side to south-facing 
slope and ridge many factors of soil moisture and 
atmospheric humidity vary, along with exposure to 
wind and insolation, and factors of temperature af- 
fected by insolation and by patterns of air move- 
ment. In relation to the “primary” gradients of en- 
vironmental factors a sequence of vegetation types 
and a eatena of soils develop; and the composition 
and physiognomy of vegetation and properties of 
soils form other “secondary” gradients of environ- 
mental factors affecting plants. The primary factors 
are so modified by the presence of plant communities 
that “primary” and “secondary” factors are not 
really to be distinguished in their effects on plants. 
At any point along the gradient the plant lives in 
relation to an environmental complex of interrelated 
factors of physical environment, soil, vegetation, 
and animal communities; along the “moisture gradi- 
ent” factors of each of these change. The gradi- 
ent is thus a complex of factor gradients, or.a gradi- 
ent of environmental complexes, which, in distine- 
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tion from a factor gradient, may be termed a com- 
plex-gradient (Whittaker 1954b). The “elevation 
gradient” is likewise a complex-gradient, involving 
many factors of physical environment, soils, and 
natural communities other than temperatures and 
growing seasons. 

The complex-gradient from valley bottoms to dry 
slopes will be called the “moisture gradient,” but 
with no assumption that moisture factors directly 
control the distribution of any plant population along 
it. Measurements of all factors of environment and 
determination of which may be most significant for 
populations of different plant species are far beyond 
the scope of the present work. For the present study 
it may suffice that a complex-gradient exists, in re- 
lation to which the distributions of plant populations 
may be studied. 

Such study is dependent on the definition of rela- 
tive positions along the gradient. Since these could 
.not be determined, for hundreds of  site-samples, 
by direct environmental measurement, approaches 
through the vegetation itself were sought. Along the 
gradient the four moisture classes of trees rise and 
fall in sequence, forming a set of curves flowing 
continuously into one another (Figs. 2, 3, 4). If, as 
is shown by the transects, there is progressive shift in 
proportions of trees of different tolerances along the 
gradient, then it is not unreasonable to turn from 
this fact to its converse and regard the same propor- 
tions as expressions of position along the gradient. 
In the following discussion, stands and sites will be 
termed mesic, submésic, subxeric, and xeric according 
to which of the moisture classes predominate in stem 
numbers. 

SITE-SAMPLES AND COMPOSITE TRANSECTS 

The main reliance in solving the vegetation pat- 
tern was on the site-samples and their manipulation. 
A site-sample was a vegetation sample from a re- 
stricted site of uniform physical habitat—the floor of 
a valley, a single hillside slope of the same direction 
and inclination, or the crest of a ridge. In order to 
obtain an approximately random coverage of the 
whole vegetation pattern, samples were taken from 
the many trails at all elevations in the mountains. 
The method was to move along a trail recording a 
sample from each new slope exposure, inside or out 
of a valley, of sufficient extent to give a homogene- 
ous sample. The site-samples were in no case se- 
lected to represent either apparent vegetation types 
or the transitions between them. The bulk of the site- 
samples were obtained from the mountains surround- 
ing Greenbrier, Sugarland, and Cades Coves in the 
National Park on the Tennessee or northwest side 
of the range. 

At each site the same data were recorded as in the 
transect stations. Sample size varied with the num- 
ber of trees thought necessary to indicate stand com- 
position: fifty were sufficient in some stands with 
one or two dominants, but most counts included about 
100, while 200 or 300 were tallied for some mixed 
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thickets were not counted in forests where they oc- 
curred. The 25,000 stems recorded in 300 site-samples 
were the total sample analyzed for the vegetation 
pattern. 

Exacting phytosociological analysis of the under- 
growth was not an objective. Information on shrubs 
is largely limited to presence and stratal dominance, 
that on herbs to visible presence at the time of sam- 
pling. Stratal coverages are estimates, intended only 
to permit comparisons between different stands in 
the Smokies. At 15 sample stations for another study 
(Whittaker 1952) location and coverage of individual 
plants were mapped in quadrats 10m square. 

The site-samples were manipulated in several ways. 
By comparing series of them from north and south 
slopes or other exposures, the alterne effect on vege- 
tation could be determined, a method found particu- 
larly effective at high elevations where alterne effects 
are more conspicuous in undergrowth than canopy. 
Groups of samples from sites with similar moisture 
conditions within limited ranges of elevations were 
compiled into composite stand counts. These counts, 
usually for about 1000 stems, compensated for the 
small size of the site-sample counts and were used 
for the characterization of vegetation types (Part 
III). Data from the site-samples were arranged in 
mosaic form on a chart with elevation and topo- 
graphic sites as axes, to show distributions of species 
and vegetation types in relation to elevation and 
topography (Part ITI). 

The site-samples were, finally, arranged in com- 
posite transects in terms of elevation, or of topo- 
graphic site, or of moisture conditions as indicated 
by the vegetation itself. For the elevation transects 
some means of comparing stands of equivalent mois- 
ture conditions at different elevations was needed. 
The site-samples were consequently classified into 
four groups, according to which of the moisture 
classes of trees was predominant in a given sample. 
Within each of the four classes of stands, the site- 
samples were grouped by 200- and 300-ft intervals. 
Four composite transects were thus arranged to cover 
the whole of the vegetation pattern, showing the 
change in levels of plant populations from low ele- 
vations to high in each of the four classes of stands 
and sites recognized. 

A more sensitive indication of relative positions 
along the moisture gradient is possible through the 
use of weighted averages as indicator values (cf. 
Ellenberg 1948, 1950, 1952, Curtis & McIntosh 1951, 
Whittaker 1954b). In a given stand the number 
of stems in each moisture class is multiplied by a 
weight (0 for mesics, 1 for submesies, 2 for sub- 
xerics, 3 for xeries), and the total of weighted stem 
numbers is divided by the total number of stems. 
Within elevation belts (1500-2500, 2500-3500, and 
3500-4500 ft) the site-samples were arranged in se- 
quence from most mesic to most xeric by these 
weighted averages, and were then grouped for tabu- 
lation into 12 or 13 steps along the gradient. This 
method of arranging the transects involves an evi- 
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dent circularity; distribution of tree species is studied 
in terms of previously determined distributional 
classes of these same tree species. The approach is 
based, however, on the objective data of the field 
transects; and the patterns of species distributions 
are essentially the same in the field transects and 
composite transects. 

Other composite transects were made for elevations 
above 4500 ft in subalpine or spruce-fir forests, and 
in high-elevation deciduous forests outside the range 
of spruce and fir. In these the samples were grouped 
by topographic position rather than by weighted 
averages. The various composite transects were de- 


TABLE 2. 
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signed to form a grid covering the whole of the vege- 
tation pattern of the Great Smoky Mountains. The 
following sections will discuss distributions of plant 
populations and trends in community composition 
shown by these transects. The whole body of tables 
cannot be published here. Two tables have already 
been published (Whittaker 1951), amd the other 
tables for tree populations are, presented here (with 
extension of elevation intervals from 200 to 400 ft 
in tables 5 and 6). The full set of tables for tree 
populations and undergrowth species are available 
to those desiring them (see Note on Supplementary 
Publication ). 


Composite transect of moisture gradient between 2500 ft and 3500 ft, distribution of trees along gradi- 


ent. Transect along the moisture gradient from mesic valley sites (Sta. 1) to xeric southwest slope sites (Sta. 13), 
based on 67 site counts including 6122 stems from elevations between 2500 and 3500 ft. All figures are percentages 


of total stems in station from 1-in. diameter class up. 





Tree species 
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Hex opaea........ 
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Acer rubrum..... 
Hex montana...............| 
Quercus borealis v. maxima. . . 
Cornus florida... . ee. 
Hamamelis virginiana..... . 
Ostrya virginiana............| 
a 
Clethra acuminata. .......... 
Aralia spinosa. . SOE ee 
Carya tomentosa.............| 
Pyrularia pubera............ 
Amelanchier arborea......... 
Castanea dentata (dead*).... . 
Robinia pseudoacacia....... .| 
Oxydendrum arboreum....... 
Quercus prinus.............. 
Sassafras albidum.......... .| 
Nyssa sylvatica............. 
Quercus velutina............. 
uereue GDA... .. 2.5.2.0 sess 
Quercus coccinea............ 
| 
Pinus pungens............. 
Percents by classes 
LR eee 
ee 
Lo 
AGC... .. 


_ 
wWHwwmn-: 


tb 


— AK Re NOI Oe WOK K 
—_ 


to Sie | 


+ 
= 





_ 
~ OTe ew CS 








96 


Trees in stations............| 385 | 480 | 592 
Site-samples used........... 5 3 | 6 


| 
| 
| 
| 


pe ee ee 


bo 


Station NUMBER 


+ 
= 


one 


ss 
Oo 


SwWNK NO hw 
Noe Oe ee 


—_ 
N- 


“ 
~) 


on # “At 


— 
bm et OD et OD 


ats 
mow x mx NwoIDCO 


4 
57 
38 

1 





| 
| 620 
5 


| 516 








x, Present below .5%. 


*Dead chestnut trees were counted in all stands. Since the smaller stems had ceased to be identifiable as such in 1947, the number of chestnuts in the tables is smaller 
than the number of living stems would have been (see size distributions in Appendix C). 
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DISTRIBUTIONS OF SPECIES ALONG THE 
MoIsTuRE GRADIENT 

Distributions of tree populations along the mois- 
ture gradient are shown in the three tables for dif- 
ferent elevation belts (1500-2500 ft, Whittaker 1951, 
table 1; 2500-3500 and 3500-4500 ft, present work, 
tables 2. and 3). Almost all species show a rounded 
or bell-shaped eurve.of population distribution along 
the gradient (see Figs..2, 3, 4). Population curves 
for different species, including many of those in dif- 
ferent moisture classes, overlap broadly. Population 
centers for species and limits of their distributions 
are well seattered along the gradient. The basic se- 
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quence of species populations along the moisture 
gradient is similar at all elevations below 4500 ft, 
but differs in detail because of the varied relations of 
From mesie sites to 
their population 
maxima in the sequence: octandra*, Tilia 
heterophylla, Betula allegheniensis Britt., Halesia 
monticola (Rehd.) Sarg., Acer saccharum, Lirioden- 
dron tulipifera, Tsuga canadensis, Quercus borealis v. 
maxima (Marsh.) Ashe, Carya glabra, Acer rubrum, 
Castanea dentata, Quercus prinus, 


species populations to elevation. 
species have 
Aesculus 


xeric, major tree 


Carya tomentosa, 


Nomenclature follows that of Fernald (1950) except where 


authorities are given. 


TABLE 3. Composite transect of moisture gradient between 3500 and 4500 ft, distribution of trees along gradient. 


Transect along the moisture gradient from mesic valley sites (Sta. 1) 
on 46 site counts including 4906 stems from elevations between 3500 ft and 4500 ft. 


total stems in station from 1-in. diameter class up. 


to xeric southwest slope sites (Sta. 12), based 
All figures are percentages of 
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Fig. 2. Transect of the moisture gradient, 1500-2500 
ft. Top—curves for tree classes: a, mesic; b, submesie ; 
¢, subxerie; d, xeric. Middle—curves for tree species: 
a, Betula allegheniensis; b, Cornus florida; ¢c, Quercus 
prinus; a, Pinus virginiana. Bottom—curves for under- 
growth coverages: a, herbs; b, shrubs. 


Quercus alba, Q. velutina, Q. coccinea, and Pinus 
virginiana, P. pungens, and P. rigida. 

Comparable data on population levels are not 
available for shrubs and herbs, but these appear to 
be distributed in the same manner as the trees. Spe- 
cies populations overlap widely along the gradient, 
and centers and limits of distribution are scattered 
along the whole of the gradient. 

Among the shrubs Rhododendron maximum is the 
most important species in mesic sites, but it is a 


major species in submesic sites also and oceurs in 


subxeric and some xeric Hydrangea arbo- 
rescens is the only other shrub species very widely 
distributed through and submesic forests. 
Leucothoé editorum occurs only locally in mesic for- 
ests; other mesic shrub species are restricted to low 
elevations or high ones. In submesie sites a number 
of deciduous species make up the shrub stratum along 
with the evergreen ericads Rhododendron maximum 
and Kalmia latifolia. Among the major species of 
submesie shrubs some (Viburnum acerifolium, Caly- 
canthus fertilis, Pyrularia pubera) extend more 
widely into mesic sites, but these and others (Gay- 
lussacia ursina (M. A. Curtis) T. & G., Clethra acu- 
minata, Rhododendron calendulaceum, Smilax rotundi- 
folia) extend varying distances into subxerie and 
xeric sites. In subxerie sites and some xeric ones, 
Kalmia latifolia is the principal shrub species. Ly- 
onia ligustrina, Smilax glauca, and the widespread 
species Vaccinium constablaei A. Gray may best be 
grouped with it in a subxerie class. Several shrub 
species (Vaccinium vacillans, V. hirsutum Buckl., V. 
stamineum, Gaylussacia baccata, Pieris floribunda, 
Ilex montana v. beadlei (Ashe) Fern.) are centered 
in xerie sites and extend varying distances into sub- 
xeric and submesie ones. 

A number of herb species are centered in mesic 
forests and dominate the herb stratum there; major 
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Fig. 3. Transeet of the moisture gradient, 2500-3500 
ft. Top—curves for tree classes: a, mesic; b, submesic; 
c, subxeric; d, xeric. Middle—curves for tree species: 
a, Halesia monticola; b, Acer rubrum; e, Quercus coc- 
cinea; d, Pinus rigida. Bottom—curves for undergrowth 
coverages: a, herbs; b, shrubs. 


species include Dryopteris spinulosa v. intermedia, 
Athyrium thalic- 
troides, Cimicifuga racemosa, Eupatorium rugosum, 
Laportea canadensis, Impatiens pallida, and Aster 
divaricatus. These extend varying distances into sub- 
mesic forests. Other species which are important in 
mesic sites (Smilacina racemosa, Polygonatum spp., 
Desmodium nudiflorum, Polystichum acrostichoides) 
are major herb species also in submesic sites. The 
latter have been grouped with those more clearly 
centered in submesic sites (Aureolaria laevigata 
(Raf.) Raf., Prenanthes trifoliolata, Medeola 
giniana, Dryopteris noveboracensis, Veratrum parvi- 
florum Michx.) into a submesie class. A number of 
these species extend widely into subxeric sites, where 
they are joined by others (Campanula divaricata, 
Chimaphila maculata) of more limited extent into 
submesic sites. Galax aphylla, the most important 
subxeric herb species, is widely distributed from sub- 
mesic sites to most xerie ones. Other herb species are 
centered in xeric most of these (Pteridium 
aquilinum v. latiusculum, Tephrosia virginiana, Bap- 
tisia tinctoria, Gaultheria procumbens) extend widely 
into subxeric¢ sites, and some of them (Epigaea rep- 
ens, Panicum sp., Coreopsis major, Andropogon sco- 
parius) extend into submesie sites, in part of their 
elevation range, at least. More complete lists of herb 
and shrub species assigned to moisture classes are 
given in the “Summary of Distributional Groupings.” 

There is no point along the gradient at which 
either floristic composition or dominance changes 
abruptly in any stratum. Rather than this, the 
rounded and tapered distributions of species popula- 
tions, the scattering of their distributional centers 
and limits along the gradient, and their broad over- 
lap with one another imply gradual and progressive 
change in relative importance of species and in total 
floristic composition from one extreme of the gradi- 
ent to the other. 
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Fig. 4. Transect of the moisture gradient, 3500-4500 
ft. Top—curves for tree classes; a, mesic; b, submesie ; 
.c, subxeric; d, xeric. Note expansion of mesic stands, 
compared with Figs. 2 and 3. Middle—curves for tree 
species: a, Tilia heterophylla; b, Halesia monticola (both 
the preceding are bimodal, with populations on each 
side of the mode of Tsuga); ¢, Tsuga canadensis; 4d, 
Quercus alba; e, Pinus pungens. Bottom—curves for 
undergrowth coverages: a, herbs; b, shrubs. 


TRENDS IN RELATION TO THE MOISTURE GRADIENT 

Various trends in community composition and 
structure can be followed from one extreme of the 
moisture gradient to the other. These trends, com- 


parable to those already studied in foliage insect 


communities (Whittaker 1952), are in most cases 
continuous through whatever community-types or 


associations may be recognized. 
GROWTH-FORMS 

Four growth-forms of trees are recognized in the 
Smokies (see Part III): pines, abietines (7Tsuga 
canadensis), oaks, and other deciduous trees. A con- 
tinuous shift in proportions of these appears along 
the moisture gradient (Whittaker 1953:49). De- 
ciduous trees other than oaks predominate in mesic 
sites, oaks in intermediate sites, and pines in xeric 
sites. Toward belt in which 
Tsuga canadensis is dominant is interposed between 
the first two of these. The pattern of growth-form 
composition, and the predominance of the semi-sclero- 
phyllous, deciduous oak grouping in intermediate 
sites, is the same whether or not Castanea dentata, 
Fagus grandifolia, and the ericaceous tree Oxyden- 
drum arboreum are grouped with the oaks. Among 
the shrubs a comparable shift in growth-form com- 
position appears, involving deciduous and evergreen, 
ericaceous and non-ericaceous species. Deciduous 
non-ericaceous species predominate in mesic sites, 
with some exceptions; but deciduous species decline 
in importance along the gradient as evergreen eri- 
cads increase to become strongly predominant in sub- 
xeric sites. Toward the xeric extreme, evergreen 
ericads decline and deciduous ericads (Vaccinioideae 
or Vaecciniaceae) dominate the shrub 
stratum in most xerie pine heaths. 


higher elevations a 
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Herb species are less easily classified, but trends in 
importance may be observed among the more numer- 
ous growth-forms which might be recognized. Ferns 
with delicate foliage (Dryopteris and Athyrium) are 
centered in mesic sites and decline in importance 
through submesie into subxerie ones. A group of 
herbs of moderate stature with broad, thin leaves and 
a characteristic spreading or umbrella-shaped growth- 
form (Caulophyllum, Cimicifuga, Actaea, Impatiens, 
Trillium, Laportea, Osmorhiza, Thalictrum, Hupa- 
torium rugosum, Aster divaricatus) prevail along 
with ferns in mesie sites and are of decreasing im- 
portance toward more xeric ones. Other herb forms 
—rosette plants (Goodyera pubescens, Veratrum 
parviflorum, Viola hastata) and those with leaves 
spaced along the stem (Aureolaria, Solidago, Smila- 
cina, Uvularia, Melampyrum, Coreopsis)—are more 
important in submesic and subxerie sites; and foliage 
of herbs in these sites is, on the whole, tougher than 
that of the delicate-leaved mesic herbs. Species of 
these groups occur also in xeric sites, but a variety 
of other herb types prevail there: grasses (Andro- 
pogon, Panicum), ground  heaths (Gaultheria, 
Epigaea), legumes (Baptisia, Tephrosia), a tough- 
leaved fern (Pteridium), and a eclub-moss (Lycopo- 
dium obscurum). Of these the grasses are the major 
herb growth-form in xeric sites at lower elevations; 
and the ground heaths are the major herb growth- 
form in subxeri¢ sites and in xerie ones at higher 
elevations. 
COVERAGES 
In general, tree coverage and density of the canopy 
decrease along the moisture gradient from cove for- 
ests into pine forests; light penetration to lower 
strata consequently increases along the gradient 
(Whittaker 1952). Estimated tree coverages increase, 
however, from subxeric sites (oak-chestnut heath) 
into xeric ones; the very low canopy coverage in oak- 
chestnut heath is in part a consequence of death of 
the chestnuts. Shrub coverage in general increases 
along the gradient toward more xerie sites (Figs. 2, 
3, 4). This trend is modified, however, by the pres- 
ence of a secondary maximum of shrub coverage in 
hemlock forests in mesic sites, and by a final decrease 
of shrub coverage in most xeric sites. Herb coverage 
in general decreases along the gradient from mesic to 
xeric sites. This trend also is modified in two re- 
spects—by very low coverages in hemlock stands, and 
by a final increase of herb coverage from subxerie 
sites into xerie ones. Maximum herb coverages occur 
in mesic deciduous forests, where moisture conditions 
are most favorable, and in xeric pine forests, where 
light penetration to the herb level is greatest. Herb 
and shrub coverages show a clear inverse relation 
within the set of transects for elevations below 4500 
ft in the Great Smoky Mountains (Figs. 2, 3, 4). 
DIVERSITIES 
Diversity of the tree stratum can best be ap- 
proached through the alpha values of Fisher (Fisher 
et al. 1943; Williams 1947, 1950; Whittaker 1952). 
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These values provide a measurement of richness in 


species which is, within limits, independent of 
sample size. In Fig. 5 alpha values for composite 
stand counts are plotted on the vegetation pattern for 
the Smokies developed in Part III. At all elevations 
highest diversity values are in intermediate sites—in 
the cove forest transition below 3000 ft and oak- 
chestnut forests above 3000 ft. The hemlock stands, 
which provide exceptions to all the trends discussed, 
are less diverse than the more and less mesic stands 
on each side of them. In general, however, species 
diversity of the tree stratum rises along the gradient 
from one minimum in most mesie sites to a maximum 
in submesic sites and declines to a second minimum in 
xeri¢ sites. 
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Fie. 5. Pattern of tree species diversities (alpha di- 
versity values, for all tree stems in the composite stand 
counts of Appendix C). 


Alpha values cannot be computed for the under- 
growth data available. Analysis of the transects 
through average numbers of species listed per sample 
provides a more limited indication of diversity trends 
in the herb and shrub strata. For shrubs the average 
numbers of species recorded in mesic, submesic, sub- 
xeric, and xerie stands are: 5.2, 7.6, 6.2, 6.6. A sub- 
mesic maximum corresponding to that for trees is 
thus suggested; but the shrub stratum in xeric sites 
may be more diverse than that in subxerie ones, often 
strongly dominated by Kalmia latifolia. Correspond- 
ing average numbers of herb species are: 19.1, 10.6, 
7.1, 8.6. The herb stratum is thus richest in species, 
as well as of highest coverage, in mesic sites and 
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shows a secondary maximum of both diversity and 
coverage in xeric sites. 
SIZES AND NUMBERS OF STEMS OF TREES 

Stature and stem diameter of canopy trees in gen- 
eral decrease along the moisture gradient. In mesie 
sites canopy trees are more than 100 ft high and 3-4 
ft or more in diameter; in xerie sites they are mostly 
50-75 ft high and 1.0 to 1.5 ft in diameter. The num- 
ber of tree stems per unit area in general increases 
along the gradient (ef. Ilvessalo 1921, Lutz 1932), 
in inverse relation to tree stature. The cove forests 
have mostly between 750 and 1000 stems per hectare 
from the 1-in. class up (except in stands of higher 
elevations where there are many small stems of Acer 
spicatum) ; the more xeric stands have mostly 2000 
to 2500 stems per hectare. In part the increase in 
stem numbers toward xeric sites reflects the smaller 
stature and denser growth of canopy trees; but the 
numerous small stems in more xeri¢ sites are pre- 
dominantly made up of small-tree species. These 
small-tree species (Carpinus caroliniana, Magnolia 
tripetala, Ostrya virginiana, Tlex Cornus 
florida, Betula lenta, Acer_ rubrum, Hamamelis vir- 
Clethra 
Robinia pseudoacacia, Oxydendrum arboreum, Sassa- 


opaca; 


giniana, acuminata, Acer pensylvanicum ; 
fras albidum ; Quercus marilandica) are relatively un- 
low as 1-2% of 


most 


important in most mesie sites (as 
stems in and 
(10-15%). In submesie and subxerie stands of lower 
and middle elevations, however, the small-tree species 
comprise around 50% of stem numbers. 


some cove forests) xeric sites 


Trends in stand composition have been much af- 
fected by death of the chestnuts (Castanea dentata). 
In many submesic and subxerie stands chestnut 
formed 30-60% of the canopy stems, and death of the 
chestnuts both removed many of the largest stems 
from the stand and permitted heavy reproduction of 
other species. Effects of death of the chestnuts are 
most evident in chestnut oak-chestnut forests, in 
which maximum numbers of tree stems per unit are: 
now occur, and in which 70% of the stems in some 
stands are now of the small-tree species. 

Trends in tree sizes are illustrated in a family of 
eurves (Fig. 6), in which steepness of slope reflects 
normal survival of small trees into larger size classes. 
The more xeric the site, the steeper the curve and 
the smaller the proportion of growth and survival 
into larger size classes. The oak-chestnut curve is 
altered by death of the chestnuts and increased re- 
production of other species; the dotted curve is an 
interpolation of what might be expected otherwise. 
The hemlock forests are exceptional, for large sizes 
are even more heavily represented than in cove hard- 
woods forests. Fig. 7 indieates the effect of the same 
gradient on growth and survival in the populations of 
red maples (Acer rubrum). 

SELF-MAINTENANCE OF STANDS 

Curves such as those illustrated in Figs. 6 and 7 
are expressions of the dynamies of stands, the man- 
ner in which the tree population is maintaining it- 
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DIAMETER 
Fic. 6. Stem number-diameter curves for tree stands 
at middle elevations. 


self or failing to do so (Paczoski 1928, Meyer & 
Stevenson 1943). Meyer & Stevenson (1943) have 
indicated a relatively simple relation of diameter and 
stem number, which plots as a straight line on a log 
and linear graph like those of Figs. 6 & 7. Such a 
plot implies that growth rate and survival rate are 
largely constant with age; variation of growth rate 
with age introduces into log-linear plots the curva- 
ture to be observed in Figs. 6 & 7. A curve following 
the stand data more closely has been developed. As- 
suming x = ar to be a fit for the stem number-age 
relation, and w = (y + d)* a reasonable approxima- 
tion for the age-diameter relation, then the stem 


number-diameter relation becomes x = ar(¥ + 4°, 
In this x is the number of stems in a diameter class, 
a is the number of stems in the initial elass, r is the 
survival ratio between successive classes, y is the 
middle diameter of the class, and d and ¢ are con- 


stants relating diameter to age. (An alternative, 
purely empirical form which is less difficult to apply 
is the series a, ar, ar(r—b), ar(r—b)(r—2b) ..., 
in which 6 is arbitrarily introduced to help the curve 
fit.) 

The value of such curves is in the possibility of 
recognizing the self-maintaining, climax condition 
they describe. Many all-age and probably climax 
stands which have been analyzed show the basic form 
illustrated. It is also true that the continuous repro- 
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DIAMETER 
Fie. 7. Stem number-diameter curves for Acer ru- 
brum in different sites. 


duction and replacement which these curves imply 
is by no means the only way climax stands can main- 
tain themselves (Jones 1945, Whittaker 1953). Cyelie 
reproduction seems to occur in the Smokies pine 
stands (Part III). Other coniferous stands are “stag- 
nant” in the sense that stems are concentrated in 
larger size-classes, with inadequate numbers of smaller 
stems to replace them if a constant survival ratio 
is assumed. Some of the stands more strongly domi- 
nated by Tsuga canadensis are of this form (ef. 
Meyer & Stevenson 1943), as are some of those of 
the spruce-fir forests, especially the high-elevation 
stands of Abies fraseri. It seems likely that repro- 
duction in these stands is periodic, partial or com- 
plete destruction of the canopy permitting its re- 
placement at irregular intervals, rather than con- 
tinuously. If such limitations are kept in mind, how- 
ever, analysis of all-age stand composition may con- 
tribute to the difficult problems of climax identifi- 
cation. 

The basic similarity of the curves for different 
parts of the gradient may be observed in Fig. 6. 
Curves for individual tree species differ widely in 
slope from those for whole stands, but Fig. 7 (and 
the stand data for other species, Appendix C) indi- 
cate the same basic similarity. Apart from certain 
distortions of the eurves clearly produced by death 
of the chestnuts, there is no evidence that any of 
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these undisturbed stands are changing toward other 
types. All, from cove forest to pine forest, have the 
self-maintaining properties of climax stands, so far 
as ean be determined. Evidence of convergence to- 
ward a single climatic climax type is thus lacking. 


HiGH-ELEVATION Decipuous Forests 


In the southwestern Smokies, outside the range of 
spruce-fir forests, deciduous forest types extend to 
the highest peaks (around 5500 ft or 1680 m). In 
order to study the distributions of plants in these 
deciduous forests above 4500 ft, a transect by site 
was arranged for 37 site-samples. The most mesic 
sites available at these elevations are gaps and con- 
eave slopes of north and northeast exposure, where 
forests of Fagus grandifolia mixed with other mesic 
trees occur. The south, southwest, and west exposures 


TABLE 4. High-elevation deciduous forests, transect 
of exposure gradient by topographic sites for Eastern 
Forest System types above 4500 ft. Distributions of 
trees by percentages of stems in stand. Steps in gradi- 
ent: 1, beech-mixed forests in sheltered north slopes; 
2, gray beech forests in sheltered south slopes; 3, red 
oak-chestnut forests, open slopes; 4, white oak-chestnut 
forests, open south slopes; 5, grassy balds on exposed 
peaks. 





STATION 
Tree species 


| re 
Aesculus octandra........... 
Betula allegheniensis........ .| 
Acer pensylvanicum.......... 
Acer saccharum............. 
Tilia heterophylla........... 
Sorbus americana........... 
Cornus alternifolia...........| 
Fraxinus americana........ .| 
Amelanchier laevis........... 
Fagus grandifolia........... 
a 
Prunus serotina............. 
Halesia monticola........... 
Quercus borealis............. 
Tsuga canadensis. 

Acer rubrum. . wae 
Hamamelis virginiana. . 

Betula lenta. Br 
Vaccinium constablaei. . aie 
Rhododendron calendulaceum. . 
Magnolia fraseri. . : a 
Magnolia acuminata... ree 
Oxydendrum arboreum....... 
Castanea dentata (dead)... .. . 
Sassafras albidum........... 
Co i re 
Robinia pseudoacacia. .. . | 
Nyssa sylvatica............. 
Quercus velutina...... Tee 
Prunus pensylvanica........ .| 
ae 


—_— 








Pinus rigida 
Pinus strobus 
Liriodendron tulipifera. 








Total stems. secceseee (823 1643 11211 
Site-samples used ase deg 





X, present below 0.5%. —, seedlings recorded. 
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are more xeric; and these may be grouped into three 
stages: sheltered south slopes and south-facing sides 
of gaps, supporting beech forests; more xeric open 
slopes supporting red oak-chestnut forests, and most 
xeric open south- and southwest-facing slopes, sup- 
porting red and white oak-chestnut or white oak- 
chestnut. Some most exposed summits of peaks, fi- 
nally, are covered by grassy balds. Distributions of 
may be observed along this five-stage 
4); distributions of shrub and herb 
(see Note on Supple- 


tree species 
transect (Table 
species are not published here 
mentary Publication). 

Relations of tree species to the moisture gradient 
are in general the same at high elevations as at low 
ones. Halesia monticola, however, which is a highly 
mesic canopy tree at lower elevations is a submesie 
small-tree species at these highest elevations; this 
species comprises two population-types with separate 
distributional centers (see Part II and Appendix A). 
Viburnum alnifolium, Cornus alternifolia, and Hy- 
drangea arborescens are major shrub species at the 
mesic extreme, constablaei and Rhodo- 
dendron calendulaceum in the oak-chestnut forests. 
Vaccinium constablaei spans the whole of the gradi- 
ent from north-slope beech stands to grassy balds, as 
do the less frequent species Ribes rotundifolium and 
catawbiense. Those shrub species 
(Kalmia latifolia, Lyonia ligustrina, Gaylussacia bac- 
cata, Vaccinium vacillans, V. hirsutum) which are 
most abundant in the forest-heath types at lower ele- 
vations are limited to the oak-chestnut forests and 
grassy balds in the transect. Aronia melanocarpa 
(Michx.) Ell. and Viburnum cassinoides, species 
which occur in the heath balds, were recorded in the 
transect only from the grassy balds. 

At the mesic extreme, species of the mesic and high- 
herb dominate the herb 
stratum; some of these species extend into south- 
slope beech stands and red oak-chestnut stands. 
Carex aestivalis is strongly dominant in south-slope 
beech stands and extends into both more mesic north- 
slope beech stands and less mesic red oak-chestnut 
forests. Athyrium filix-femina v. asplenioides is a 
major herb species of these high-elevation forests and 
extends along the gradient from north-slope beech 
white oak-chestnut, as. does Medeola vir- 
giniana. Epigaea repens, Galax aphylla, Pedicularis 
canadensis, Pteridium aquilinum latiusculum, and 
Campanula divaricata, species of more xeric forest 
types at lower elevations, are limited to the oak-chest- 
nut stands in the high-elevation transect. Ecotypic 
populations of some forest herb species (Angelica tri- 
quinata, Stellaria pubera, Rudbeckia laciniata, Pre- 
nanthes altissima, Houstonia serpyllifolia, Gentiana 
decora) occur in the grassy balds with a variety of 
other species (see Part III). Carex aestivalis and 
other species centered in the south-slope beech stands 
and red oak-chestnut forests above 4500 ft have been 
grouped in a high-elevation submesic herb union. 

Stratal trends are less clear-cut in these forests 
than in those of lower elevations. Tree-stratum di- 


Vaccinium 


Rhododendron 


elevation mesic groupings 


stands to 
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versity decreases from north-slope beech stands into 
south-slope ones, increases from these to a maximum 
in red oak-chestnut forests, and decreases again into 
white oak-chestnut. Coverage of the shrub stratum 
decreases from north-slope into south-slope beech 
stands, increases through red oak-chestnut to white 
oak-chestnut stands and the forest-edge of grassy 
balds, and is low in the grassy balds. Herb coverage 
increases from the north-slope to the south-slope 
beech stands, is lower in the oak-chestnut forests, and 
is near 100% in the grassy balds. As in forests of 
lower elevations, herb and shrub coverages are in- 
versely related. Deciduous trees other than oaks de- 
crease from mesi¢ sites into submesic and subxeric 
ones, where oaks predominate; evergreen tree species 
are almost absent from these forests. In the shrub 
stratum non-ericaceous, deciduous shrubs prevail in 
but deciduous (Rhododendron 
calendulaceum and prevail 
in the oak-chestnut forests. 


mesie sites; ericads 


Vaccinium constablaei) 


DISTRIBUTIONS OF SPECIES IN RELATION TO ELEVATION 
MESIC SITES 

Progressive change in composition of cove forests 
is indicated in the elevation transect of mesic sites 
(Table 5, Fig. 8). Species distributions show a 
rounded or bell-shaped form in most cases, overlap 
broadly, and have their centers and limits scattered 
along the gradient. Most major tree species occur 
throughout the elevations represented in the transect, 
but the sequence of their population centers from 
low elevations to high is: Fagus grandifolia (“white” 


population see Part II), Liriodendron  tulipifera, 
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ELEVATION IN 
Fic. 8. Elevation transect in mesic sites, smoothed 
curves for tree species: a, Liriodendron tulipifera; b, 
Tsuga canadensis; ce. Halesia monticola; da, Tilia hetero- 
phylla; e, Acer saccharum; f, Acer spicatum; g, Car- 
pinus caroliniana; h, Betula allegheniensis; i, Aesculus 
octandra: j, Fraxinus americana; k, white, 1, red, and 
m, gray populations of Fagus grandifolia (based on 
data for 200-foot intervals). 
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TABLE 5. Composite elevation transect in mesic sites, 
distribution of trees. All figures are percentages of total 
stems in station from 1-in, diameter class up. 





| ] ] 
Station 1* 


| 
: 3), 4/5 
Elevation, hundred feet_| 16 


2 | 

20 | 24 | 28 | 32 | 36 
Tree species 

Fagus granatfolia 

Tsuga canadensis 

Halesia monticola 


Frazinus americana 
Tila heterophylla 
Liriodendron tulipi fera 
Aesculus octandra 
Betula allegheniensis 
Acer saccharum 





Magnolia fraseri 
Magnolia tripetala 
Magnolia acuminata 
Carpinus caroliniana 
Ilex opaca 

Carya cordi formis 
Cladrastis lutea 


Acer spicatum 





Prunus serotina 
Amelanchier laevis 
Cornus alternifolia 
Cornus florida 
Quercus borealis & v. 
marzima 
Amelanchier arborea 
Betula lent. 
Ace pensylvanicum 
Acer rubrum 
lez montana 
Carya glabra 
Carya tomentosa 
Carya ovalis 
Quen us prinus 
Nyssa sylvatica 
Castanea dentata (dead) 
Quercus alba 
Oxydendrum arboreum 
Pinus strobus 
Sassafras albidum 


— — om HD M 





~~ 
4 ® tw B&D HR DO = 


Robinia pseudoacacia | 
Sorbus americana 
| | 
Total stems. . 600 |841 
Site-samples used | 2] 5] 6] 
| | | 























*Stations grouped at 400-ft. intervals (1450-1800 ft., 1850-2200 ft., etc.) 
x, Present below 0.5%. 


Betula allegheniensis, Halesia monticola, Acer sac- 
charum, Tilia heterophylla, Aesculus octandra, and 
Fagus grandifolia (“red” and “gray” populations). 
The decline toward higher elevations of Tsuga cana- 
densis and Magnolia fraseri does not reflect their 
true distributions (ef. Appendix A), for toward 
higher elevations these species are increasingly segre- 
gated into hemlock stands which were not included in 
the transect. The most significant change in composi- 
tion of stands occurs at 4500 ft; at this elevation 
there is a relatively abrupt shift of dominance from 
gray beech (Fagus 
grandifolia). small-tree populations (Acer 
spicatum and Amelanchier laevis) are centered near 
4500 ft along with Aesculus octandra and one popu- 
lation of yellow birckes (Betula allegheniensis or B. 
lutea). Trees and shrubs centered in the transition 
from cove forests to gray beech and spruce-fir forests 


other cove-forest species to 


Some 
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form the “ecotonal-mesie union” listed in the Sum- 
mary of Distributional Groupings. 

Among the mesic shrubs two species (Huonymus 
americanus and Lindera benzoin) are restricted to 
lowest elevations; certain others (Cornus alternifolia 
and Viburnum alnifolium) are centered around 4500 
ft and form part of the “ecotonal-mesic” grouping. 


Rhododendron maximum and Leucothoé editorum 


oceur at all elevations up to about 4500 ft; Hy- 
drangea arborescens occurs from some of the lowest 


elevations to the highest recorded in mesic deciduous 
(5500 ft). No relatively abrupt change in 
stratum at 4500 ft is indicated in the 


forests 
the shrub 
transect. 
Most of the mesic herb species oceur over a 
range of elevations. Many of these species are cen- 
tered in the more extensive mesic stands of higher 


wide 


elevations; and these species are of varied extents 
toward Among the major species 
some (Dryopteris spinulosa vy. Trillium 
erectum Vv. albiflorum, Aster divaricatus) occur at the 
lowest elevations sampled (1500 ft). Caulophyllum 
thalictroides, Cimicifuga 
canadensis extend downward to 
2000 ft, Oxalis montana and Impatiens pallida to 
about 2500 ft, Aster acuminatus and Monarda 
didyma to about 3000 ft, Streptopus and 
Senecio rugelia A. Gray to about 4000 ft, Clintonia 
borealis to about 4500 ft. (A species may oceur lo- 
cally outside the normal range of the population 
shown in the transects.) The last five species and 
others largely restricted to higher elevations form 
the “high-elevation mesic” union listed in the Sum- 
mary of Distributional Groupings. In some sites a 
relatively abrupt change in composition of the herb 
stratum oceurs at 4500 ft; Carex aestivalis becomes 
dominant in the gray beech stands of south-facing 
concave slopes at this elevation, and other species 
(Angelica triquinata, Prenanthes altissima, and Carex 
sp.) oceur with it which are absent below 4500 ft. 


lower elevations. 
intermedia, 


racemosa, and Laportea 


elevations around 


rOSse@US 


SUBMESIC SITES 

Distributions of some submesie tree species (Whit- 
taker 1951; table 2) are indicated in Fig. 9. Carya 
tomentosa is largely restricted to elevations below 
2500 ft, Cornus florida and the low-elevation popu- 
lation of Carya glabra (see Appendix A) to eleva- 
tions below 3000 ft. The most significant change in 
the tree stratum oceurs in the elevations between 
3500 and 4000 ft, as Quercus borealis Michx. f. in- 
creases to become the major submesic tree at higher 
elevations. Some of the major shrubs of submesic 
sites (Rhododendron Clethra acuminata, 
Gaylussacia pubera, 


maximum, 
ursina, Pyrularia 
acerifolium, Calycanthus fertilis) have their upper 
limits of distribution at elevations of 3500-4500 ft. 
calendulaceum and Vaccinium 
to elevations above 5000 ft. 

laevigata, 


Viburnum 


Rhododendron con- 
stablaei extend Poly- 
stichum acrostichoides, and 
other major submesie herb species are confined to 
lower and middle elevations, but some (Smilacina 


Aureolaria 
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Fig. 9. Elevation transects in submesie and subxeric 
sites, smoothed curves for tree species. Above—submesic 
sites: a, Cornus florida; b, Acer rubrum; ¢ and ©’, 
Quercus borealis and var. maxima; d, Carya tomentosa ; 
e, Carya glabra; f, Hamamelis virginiana. Below 
subxeric sites: a, Quercus prinus; b, Sassafras albidum ; 
c, Castanea dentata; d, Quercus alba; e, Oxydendrum 
Robinia pseudoacacia. 











arboreum; f, 


racemosa, Medeola virginiana, Pedicularis canadensis ) 
extend to high elevations. 
SUBXERIC SITES 

One population of Quercus alba is largely re- 
stricted to elevations below 2500 ft, the other to 
elevations above 3500 ft (Table 6, Fig. 9). Quercus 
prinus is centered at lower elevations and has its 
normal upper limit below 4500 ft. Castanea dentata 
extends throughout the elevation range of the tran- 
At elevations below 3500-4000 ft Quercus pri- 
nus and Castanea dentata are dominant subxeric 
trees; above these elevations Castanea dentata shares 
dominance with the high-elevation populations of 
Quercus alba and Q. borealis. 

Kalmia latifolia is the dominant shrub in the oak- 
chestnut heaths from lowest elevations to about 3500 
ft; Rhododendron maximum and Gaylussacia ursina 
At elevations above 2500 ft Rhododen- 
constablaei are 


sect. 


also oceur. 
dron calendulaceum and Vaccinium 
important shrubs; at elevations above 3500 ft Kalmia 
latifolia shares dominance with these until Kalmia 
becomes a minor species in forests above 4000 ft. 
Galax aphylla is the most important subxeric herb at 
all elevations. Chimaphila maculata, Campanula 
divaricata, the submesiec Aureolaria laevigata, and 
xeric Epigaea repens are major herb species in sub- 
xeric sites; and all extend through most of the ele- 
vations represented in the transect (1500-5000 ft). 
XERIC SITES 

Pinus virginiana is centered at low elevations and 

is searce above 2500 ft; Pinus pungens is centered at 
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high elevations and is scarce below 2500 ft (Table 7, 
Fig. 10). Pinus rigida extends from lowest eleva- 
tions to about 4500 ft, but is centered between 2500 
and 3000 ft. Quercus coccinea is centered around 2500 
ft and is important in middle- and lower-elevation 
xerie and subxeric sites; Quercus marilandica oceurs 
only below 2500 ft. Some principal shrub species of 
xeric sites (Vaccinium vacillans, Vaccinium  sta- 
mineum, Kalmia latifolia) extend throughout the ele- 
vation range of the transect (1500-4800 ft). Gaylus- 
sacia baccata and Vaccinium hirsutum are largely 
limited to elevations above 2000 ft, Lyonia ligustrina 
to elevations above 2500 ft, and Pieris floribunda to 
elevations above 4000 ft. 

Some major herb species of xeric sites (Pteridium 
aquilinum v. latiusculum, Epigaea repens, Gaultheria 
procumbens, and Galax aphylla) oceur at all eleva- 
tions; but of these only Pteridium is important at 
low elevations. Sericocarpus asteroides is largely re- 
stricted to elevations below 2500 ft, Baptisia tinc- 
toria, Tephrosia virginiana, and Panicum sp. to those 
below 3000-3500 ft, and Andropogon scoparius and 
Coreopsis major to those below 4000 ft. Shifts in 
dominance are gradual and changes in composition 
continuous from low elevations to high; and no well- 
defined sequence corresponding to that for xeric trees 
(P. virginiana and Q. marilandica, P. rigida and Q. 
coccinea, P. pungens) was recognized in the lower 
strata. 
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Fie. 10. Elevation transect in xeric sites, smoothed 
eurves for tree species; a, Pinus virginiana; b, Pinus 
rigida; ¢«, Pinus pungens; d, Quercus marilandica; e, 
Quercus coccinea. 


TRENDS IN RELATION TO’ ELEVATION 
GROWTH-FORMS 

No trends in growth-form composition of com- 
munities as striking as those along the moisture gradi- 
ent appear along the elevation gradient. Viewing 
the vegetation pattern as a whole, three growth- 
forms—abietine trees, ericaceous shrubs, and ground 
heaths—are of increasing importance toward higher 
elevations. Among the abietine trees, 7’suga cana- 
densis is of increasing importance from low eleva- 
tions to about 4500 ft; and Picea rubens and Abies 
fraseri dominate most forest stands above that ele- 
vation in the northeast half of the range. The great 
development of ericaceous shrub communities is one 
of the most characteristic features of ‘the vegetation 
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of the Southern Appalachians, and heath strata occur 
in most vegetation types of open south-facing slopes: 
and ridges. Viewing the ericaceous shrub complex 
as a whole; these shrubs are of increasing impor- 
tance toward xeri¢ sites and toward higher elevations, 
and have their maximum coverage and richness in 
species in the heath balds of steep, exposed slopes 
and ridges of high elevations in the area of spruce- 
fir forests. The stands with high development of a 
heath stratum have acid soils (Cain 1931), both in 
the more xeric sites and in the more mesic ones with 
Tsuga-Rhododendron stands. The ground heaths or 
evergreen ericaceous herbs (Epigaea, Gaultheria, and 
Chimaphila, with which the diapensiaceous Galax 
may conveniently be grouped) in general parallel the 
ericaceous shrubs in their greater importance toward 
more xeric sites and higher elevations. The ground 
heaths characteristically form the majority of herb 
coverage in the sparse herb strata under dense eri- 
caceous shrub layers (except in the Tsuga-Rhodo- 
dendron stands). 

TABLE 6. Composite elevation transect in subxeric 


sites, distribution of trees. All figures are percentages 
of total stems in station from 1-in. diameter class up. 









































Station __ | 1* | 2 3 q 5 6 7 8 9 | 10 
Elevation, hundred feet_..| 16 | 20 | 24 | 28 | 32 | 36 | 40 | 44 | 48 | 52 
Rae. Ueno, Move bees Mialett! Kae, Bec fem Bow 
Tree species 
Tsuga canadensis . 1 1 1 x a 1 
Liriodendron tulipifera i 4 2 1 x x x 
Halesia monticola De ee ee ie oe i 1 | 10 
Magnolia fraseri. . ; zi 3 1 2 i 
Acer saccharum. . . x 
Magnolia acuminata... . ; ~ x| x 
Ilex opaca iii eabiast 
Betula allegheniensis ; : a5 ee x 
Amelanchier laevis....... Ca oan 68 os bs 1 
Acer rubrum......... ..| 20 | 25 | 31 | 26] 27 | 13) 13) 10) 7] 8 
Acer pensylvanicum . me fuer x 1 1 et oer 
Cornus florida... . 191-312 me 
Amelanchier arborea x - x x 
Betula lenta.... x]. 2 1 Le 
Carya glabra. . 4| 2 2); 5] 4 6 
Carya tomentosa... . 3 ae xi i 
Carya ovalis.. 1 ‘ ys 
Quercus borealis & v. mazima 1 3/3] 3] 2] 13 | 18 | 2 | 20| 31 
Hamamelis virginiana . 3]. 3; 8] 2 : 5 
Pyrularia pubera x x x 
Clethra acuminata. 1 1 
lex montana . x 
Aralia spinosa . ’ tie Ss ee oF 
Nyssa sylvatica . . P 1 121313 ft ae Bae 
Oxydendrum arboreum 15 | 10) 18} 9] 14] 16/15] 3 
Quercus prinus..... 24 | 18 | 14] 18 | 17 | 15} 19 2 
Quercus velutina... . 4 1 zi 3/| 3 1 tos 4 
Quercus alba....... ee Bi 4)... : x | 9] 14] 30] 42 
Quercus stellata. . . : - : . x e 
Sassafras albidum... . 1 si 3 1 4] 4 1 . oF 
Robinia pseudoacacia.... . 1 ct 8) Be Ba 71 Bak 4| 7 
Castanea dentata (dead).... 5/| 6/10/12] 10] 12] 9 | 23 | 12 | 47 
Pinus strobus.. . tae 10 
Quercus coccinea....... . 4 1 31 1% 1 
Pinus virginiana... . 21 3 ix ‘ wan te 
er x 1 Six 1 1 
Pinus pungens 7 Wee x| 4 
Total stems... . ; /290 |620 |690 |689 |559 |606 |139 |346 | 84 | 89 
Site-samples used. ..... 5 | 6} 51 7) 8] 6] 2] 3] 2) 1 





*Stations grouped at 400-ft. intervals (1450-1800 ft., 1850-2200 ft., etc.) 
x, Present below 0.5%. 
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TaBLe 7. Composite elevation transect in xeric sites, distribution of trees. All figures are percentages of total 


stems in station from 1-in. diameter class up. 
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*Stations grouped at 300 ft intervals (1250-1500 ft , 1550-1800 ft., etc.) 
x, Present below 0.5°%. 


TREE STATURES AND STRATAL COVERAGES 
The transect data do not show the relatively slight 
decrease in tree statures and coverages toward higher 
elevations which may occur below 4500 ft. Tree 
sizes in stands above this elevation are distinctly 
smaller than in the deciduous and hemlock forests 
below it. Importance of the small-tree species de- 
creases toward higher elevations, except in mesic 
stands. In submesie and subxerie stands below 3500 
ft the small-tree species make up 45-70% of stem 
numbers, between 3500 and 4500 ft 30-50%, and 
above 4500 ft in deciduous stands 10-45%. Shrub 
coverages (Fig. 11) in mesic deciduous forests are 
lower above 3000 feet than below, except as the ee- 


otonal-mesic shrub grouping forms a_ secondary 
maximum at elevations around 4500 ft. Maximum 


shrub coverages in submesic and subxerie stands oc- 
cur at middle elevations (around 3000 ft); but in 
xeric stands the heath stratum increases in coverage 
from low elevations to high. In all four transects 
herb coverages increase toward higher elevations. 
Although the inverse relation of shrub and herb cov- 


erage is suggested in three of the transects (Fig. 11), 
the parallel trends of the two strata in xeric sites 


provide an exception to this relation. 

Community structure changes profoundly along 
the moisture gradient through three or four physiog- 
nomi¢ 


types; but major physiognomie types recog- 
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Fig. 11. Elevation transects, curves for undergrowth 


coverages: a, herbs; b, shrubs. From top to bottom, in 
mesic, submesic, subxeric, and xerie sites. 








nized here (mesic deciduous forests, abietine forests, 
oak forests, and pine heaths and forests) extend from 
the lowest elevations to 4500 ft and above. Floristie 
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change also is more conspicuous along the moisture 
gradient than the elevation gradient. No species 
spans completely the moisture gradient, but many 
extend from lowest elevations to 4500 ft and above. 
Within the limits of the transects so far described and 
excluding the spruce fir forests, community compo- 
sition and structure change more radically along the 
moisture gradient within a single elevation belt than 
with a change of elevation from 1500 to 4500 or 
5500 ft. 

DIVERSITY AND ENVIRONMENTAL FAVORABLENESS 

Species diversity of the tree stratum decreases 
from low elevations to high (Fig. 5); the trend is 
most apparent within a single moisture-class of 
stands. Tree-species diversity is maximal in the cove 
forest transition of low elevations and mesic-sub- 
mesie sites, and decreases with any departure from 
these stands toward more or less mesie conditions or 
higher elevations. It is in the cove forest transition 
‘that species of the cove-forest or mesie grouping 
and the oak-forest or intermediate grouping are most 
highly mixed; in the interpretation of Braun (1950) 
the cove forest transition forms part of the Mixed 
Mesophytie Association, from which some other, less 
diverse stand types may be said to “segregate.” The 


more limited data on undergrowth diversities are 
based on averaging the numbers of species recorded 
per sample in transects of different elevation belts. 
Herb strata show some evidence of increasing diver- 
sity toward higher elevations; average numbers of 


species for the elevation belts 1500-2500, 2500-3500, 
3500-4500, 4500-5500 ft (the last for deciduous stands 


only) are 12.8, 15.5, 16.8, and 18.8. Corresponding- 


values for the shrub strata (6.1, 7.9, 7.7, 7.0) suggest 
only that shrub strata may be less rich in species, on 
the average, at lower elevations than at middle and 
higher ones. 

Two properties of natural communities, diversity 
and productivity, may be thought in general cor- 
related with “favorableness” of environment. Thus 
Finnish authors have found parallel trends of de- 
creasing productivity and decreasing numbers of 
plant species along ecological series of site-types 
(Cajander 1909; Ilvessalo 1921, 1922; Linkola 1924). 
Data from the Smokies indicate how much more 
complex than this the relations of these community 
properties to one another, and presumptive favor- 
ableness of environment, may be. 

Major trends in the Smokies are consistent with 
the general tendency toward increasing stature and 
differentiation into strata of communities with in- 
creasingly favorable conditions of moisture, tempera- 
ture, and nutrients (Dansereau 1951; Whittaker 
1953, 1954a). Stature and coverage of canopy trees 
in general decrease, while the development of under- 
growth strata increases, toward most xeric sites and 
highest elevations. Relative development of herb, 
shrub, and moss strata are complexly related to one 
another as well as to the tree stratum and environ- 
mental “favorableness,” however. Diversity trends in 
different strata do not parallel one another; and, with 
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the possible exception of the herb stratum, maximum 
diversities occur not in the “most favorable” condi- 
tions of the cove forests but in the intermediate ones 
of cove forest transition or oak-chestnut forest. 
Within a given stratum or community-fraction di- 
versity and productivity (or coverage) may not run 
parallel (Whittaker 1952), although they often ap- 
pear partially correlated. 

It was suggested in the previous study (Whittaker 
1952) that interpretations based on favorableness of 
environment may have little meaning unless the com- 
munity property or group of organisms for which en- 
vironments are to be favorable is specified. Data of 
the present study may further indicate that “favor- 
ableness” of environment is relative to the group of 
organisms under consideration, and that for a given 
group diversity and productivity may define differ- 
ent centers of maximum “favorableness.” 

Spruce-Fir Forests 

In studying subalpine forests of the Smokies, site- 
samples from three elevation belts (spruce forests 
from 4500 to 5400 ft, spruce-fir forests from 5500 
to 6100 ft, and fir forests from 6200 ft up) were 
arranged in topographic transects similar to the 
one for high-elevation deciduous forests. Sites were 
grouped along the moisture gradient in five stages— 
moist valley sites, north slopes and flats, intermediate 
east and west slopes, xeric south and southwest 
slopes, and exposed ridges. Table 8 is so arranged 
as to form a grid of transects covering the spruce-fir 
forest pattern; distributional relations to the topo- 
graphic gradient within an elevation belt and to 
elevation within a given type of site may be observed 
in the table. Data on species distributions have been 
compressed for presentation into stratal unions as 
follows: 

1. Mesie herb union (Solidago glomerata Michx., 
Senecio rugelia, Chelone lyoni Pursh, Diphylleia cy- 
mosa, Aster acuminatus, Trillium erectum, Strepto- 
pus roseus, Rudbeckia laciniata, ete.). Some species 
of the low-elevation mesic herb union (EHupatorium 
rugosum, Impatiens pallida, Cimicifuga racemosa, 
Aster divaricatus) are of wide extent in subalpine 
forests and have been grouped here with the high- 
elevation union. 

2. Deciduous trees other than Sorbus americana 
Marsh. (Betula lutea, Amelanchier laevis, Acer spi- 
catum and A. pensylvanicum, and trees of the cove 
forest grouping). 

3. Ground moss unions, described in more detail 
by Cain & Sharp (1938). 

4. Low-herb layer—Ovalis montana with Clintonia 
borealis. 

5. Mesie fern union, with Dryopteris spinulosa 
v. americana most important. 

6. Low shrub union—Vaccinium 
with Menziesia pilosa. 

7. Deciduous high shrubs (ecotonal-mesie union) 
—Viburnum alnifolium, with Cornus alternifolia and 
Sambucus pubens. 

8. High heath union—Rhododendron catawbiense 


erythrocarpum 
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TaBLE 8. Transect data for subalpine forests. 
sites along the moisture gradient in five steps: 
slopes; 3, east and west slopes; 4, 
samples of stem numbers and estimated coverages. 


south-facing slopes; and 5, ridges. 
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Percentages of coverage or stems for stratal groupings in different 
1, most mesic valley and sheltered-slope sites; 2, open north-facing 


Figures are based on averages from several site- 
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and R. carolinianum Rehd., with Kalmia latifolia, 
Vaccinium constablaei, and other species of the heath 
balds. 

9. Mountain ash (Sorbus americana), a mesie small 
tree of highest elevations. 


STRATAL DISTRIBUTIONS 


In the tree stratum composition of subalpine for- 
ests changes more conspicuously with elevation than 
along the moisture gradient. At 5000 ft on south-fac- 
ing slopes 100% of the conifers may be spruce (Picea 
rubens); above 6300 ft 100% may be fir (Abies 
fraseri), while intermediate sites have mixed stands. 
Spruce and fir cross in numbers of stems at around 
5600 ft if exposure differences are averaged out. 
The change in canopy dominance occurs higher, near 
6000 ft, because of the greater size of spruce. EKle- 
vation alone, however, does not determine propor- 
tions in the mixture of these two dominants; at any 
elevation fir increases relative to spruce toward more 
mesic sites (Table 8). 

Sorbus americana is confined to high elevations 
and is centered in the more mesic forest stands above 
6200 ft. Fagus grandifola (“gray” population) 
dominates stands in the concave slopes of “gaps” in 
the area of spruce-fir forests, and it occurs also to a 
limited extent in stands dominated by spruce and fir. 
All other deciduous tree species which occur in the 
spruce-fir forests are at least equally important in 
deciduous stands below 4500 ft. The high-elevation 
population of yellow birch (Betula lutea) is centered 
in the transition from cove forests to spruce forests 
at 4500 ft, but is of wide extent at higher elevations 
as the major deciduous tree species of spruce-fir 
forests. Yellow birch and other “ecotonal-mesic” 
species (Acer spicatum, Amelanchier laevis, Cornus 
alternifolia) decrease in importance with departure 
from their centers in mesic stands near 4500 ft to- 


ward higher elevations and less mesie sites. The cove- 
forest tree species which occur in subalpine forests 
(Aesculus octandra, Tilia heterophylla, Halesia mon- 
ticola, Acer saccharum, Fraxinus americana, and the 
submesic Acer pensylvanicum) are similarly related 
to the gradients; their numbers decrease toward 
higher elevations and more xeric sites. 

Three shrub unions with different distributional re- 
lations have been distinguished in the spruce-fir for- 
ests. The distributional relation of the deciduous 
high shrubs of the ecotonal-mesie union is the same 
as that of Betula lutea and Acer spicatum; their im- 
portance declines with departure from mesic stands 
near 4500 ft. The shrub species of the group differ 
in extent and importance in the spruce-fir forest pat- 
tern; Viburnum alnifolum is the most wide-spread 
and much the most important of them. The low-shrub 
union dominated by Vaccinium erythrocarpum is 
centered in middle elevations of the spruce-fir forests, 
rather than lower ones, and in mesie sites (north- 
facing slopes and flats) other than the valley sites 
where the ecotonal-mesic species are most important. 
The high heath union is most important on ridges, 
but the heath species also occur with lower coverage 
in south-slope stands and on some _ intermediate 
slopes. Of these shrub species Vaccinium constablaei 
occurs more widely in spruce-fir forests than the 
heath dominants Rhododendron catawbiense and R. 
carolinianum. 

In valley sites the mesic herbs strongly dominate 
the herb stratum. Most of the herb species listed 
are of wide extent in spruce-fir forests (other than 
those of most xeric sites), but their coverage is low 
outside valleys. The stratum, the low-herb 
stratum, and the fern stratum are, in contrast, cen- 
tered in stands of north slopes and flats. These three 
unions also are of wide extent through the spruce- 


moss 
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fir pattern and decrease in importance along the 
moisture gradient from north slopes and flats to south 
slopes and ridges. 

Layered structure seems especially evident in some 
vegetation of high elevations and the far north; the 
same strata are to be distinguished elsewhere but 
are more obvious and give a greater impression of 
cistinetness in such vegetation as the spruce-fir pat- 
tern in the Great Smoky Mountains. Analysis shows 
that the various stratal unions, and the species which 
make up a given union, are differently distributed. 
Among the undergrowth unions recognized, however, 
several are of wide extent in the spruce-fir pattern 
and are of decreasing importance from more mesic 
sites toward more xeric ones. Five unions dominate 
the undergrowth of north-, east-, and west-facing 
slopes and flats, each of the unions being strongly 
dominated by a single species. Together they form 
a. five-story undergrowth complex (moss, Hyloco- 
splendens; low herb, O.walis montana; fern, 
americana; low shrub, Vac- 
alni- 


minum 
Dryopteris spinulosa v. 
cinium erythrocarpum; high shrub, Viburnum 
folium) which is most characteristic of the spruce- 
fir forests of the Smokies, although other under- 
growth unions predominate in most mesie and in 


more xeric sites. 


‘ 
TRENDS 
Major structural features of the spruce-fir pattern 


along the moisture gradient are shown in Fig. 12, 
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in contrast with the pattern of forests at lower ele- 
Deciduous trees decrease in importance from 
valleys toward xeric sites; ericaceous shrubs increase 
in importance from intermediate sites to ridges. 
Herb coverage and species diversity decrease along 
the moisture gradient. There is thus a trend of de- 
creasing importance of non-evergreen elements in all 
three strata toward more xeric sites. Valley spruce- 
fir forests resemble high-elevation cove forests in 
most respects, even though the canopy is dominated 
by conifers. At the xeric extreme, however, ever- 
green elements are strongly dominant both in canopy 
and in the dense ericaceous shrub stratum, and ground 
heaths predominate in the sparse herb stratum. 

Along the elevation gradient within the spruce-fir 
forests, moss coverage inereases strongly from lower 
elevations toward higher ones (Table 8). Coverage 
of shrubs other than the heath is in general lower at 
highest elevations, but undergrowth coverage trends 
with elevation are not otherwise conspicuous. Repre- 
sentation of deciduous trees other than Sorbus amer- 
icana decreases toward higher elevations, and (since 
Sorbus is a small-tree species) the fraction of decidu- 
ous trees in the canopy decreases toward higher ele- 
vations. Species diversity of the tree stratum de- 
creases toward higher elevations, and the same is 
probably true of other strata of vascular plants. 

The most conspicuous change in canopy of sub- 
alpine forests is the increase of fir and decrease of 
spruce toward higher elevations, but the most con- 


vations. 
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spicuous change in the undergrowth is that along the 
moisture gradient. The canopy and understrata thus 
seem at cross purposes, as it were, in the patterning 
of these forests. Extensive patterning, or change in 
community composition and structure in relation to 
environmental gradients, appears in these subalpine 
forests, as in the deciduous, pine, and hemlock for- 
ests of lower elevations. Differences in site along the 
moisture gradient at low elevations are reflected as 
much in species and growth-form composition of the 
canopy as of the undergrowth. In the spruce-fir 
forests, however, as in other subalpine and boreal 
forests, canopy trees are broadly tolerant of differ- 
ences in sites; and site differences are reflected pri- 
marily in undergrowth. 
RELATIONS OF SPECIES TO UNIONS AND ASSOCIATIONS 

A final group of questions to be considered relate 
to the nature of community-units. The transects offer 
evidence bearing on three aspects of the community 
problem: continuity and discontinuity of stands and 
community-types, naturalness or arbitrariness of spe- 
cies groups, and relation of dominant species to 
minor species and undergrowth. 

CONTINUITY OF VEGETATION TYPES 

Three relative discontinuities affect the vegetation 
pattern described—-those between cove forests and 
beech-gap stands of south-facing slopes, between 
grassy balds and the forests surrounding them, and 
between heath balds and spruce-fir forests. Apart 
from these, community-types are continuous with 
one another. The transect data thus suggest that 
some vegetation types are relatively discontinuous 
with one another along continuous gradients of “pri- 
mary” environment, but that many vegetation types 
exist within a continuum of populations (cf. Whit- 
taker 1951, 1952; Curtis & MeIntosh 1951; Brown 
& Curtis 1952). Problems of continuity and discon- 
tinuity will be further discussed in terms of “grada- 
tion” and “zonation.” 

NATURE OF SPECIES GROUPINGS 

An alternative approach to the recognition of vege- 
tation types is through groups of species which are 
similarly distributed and have their boundaries to- 
gether, presumably at the boundaries of vegetation 
types. Inspection of the transect data reveals no 
such groupings of species with closely similar dis- 
tributions, with the possible, partial exception of the 
discontinuous types already mentioned. In general, 
no two species have quite the same distribution in a 
set of transects for elevation, or for the moisture 
gradient. Dissimilarity of distributions is even more 
evident when species are followed through both sets 
of transects or compared in the population charts of 
Appendix A. Even such familiar pairs of “asso- 
ciates” as Tilia heterophylla and Aesculus octandra, 
Quercus prinus and Castanea dentata, Quercus alba 
and Carya glabra are distributed quite differently, 
especially in relation to the elevation gradient. Other 
pairs of species (Tsuga canadensis and Magnolia 
fraseri, Pinus rigida and Quercus coccinea, Abies 
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fraseri and Sorbus americana) show varying degrees 
of distributional similarity. It was not found possible 
to define vegetation types through groups of tree 
species having closely similar distributions in the 
transects and nomograms. All species groupings used. 
in the present work are considered to be primarily 
arbitrary groupings of species with different distri- 
butions. 

The moisture classes are species groupings which 
correspond in part to traditional associations in the 
American sense—mixed mesophytic, oak-hickory, oak- 
chestnut, and pine-oak (cf. Braun 1950). Species of 
the oak-hickory and oak-chestnut associations do not 
fall naturally into submesic and subxeric classes, how- 
ever. Quercus borealis vy. maxima and three hickory 
species may be regarded as “submesic”; but other 
major oak species of the oak-hickory forests (Q. alba 
and Q. velutina) are slightly more xerie than Cas- 
tanea dentata and Quercus prinus and must be classed 
with these as “subxeric.” Although Castanea dentata 
and Quercus prinus are subxeric, the third dominant 
of oak-chestnut (Quercus borealis) is dis- 
tinetly less xeric and must be classed as “submesie.” 
One of the major species of the pine forests (Quercus 
coccinea) is intermediate in its relation to the xeric 
pine and the subxeric oak-chestnut groupings. Spe- 
cies of the Mixed Mesophytie Association of Braun 
(1950) are widely scattered along the moisture gradi- 
ent and have been classed with the mesic, submesic, 
and subxeric groups. There is thus no clear and 
simple relation between the moisture classes (and 
other groupings attempted by the author) and the 
“associations” in the 


forests 


regional vegetation 
sense of American authors. 


The essential problem may be whether the group- 


types or 


ings of species used by ecologists are “arbitrary” or 


“natural,” and some definition of these expressions is 
necessary. Any classification of stands or of species 
is a product of interaction (or of “transaction” in 
the sense of Dewey & Bentley 1949) between vege- 
tation and ecologist through observations and sample 
data. A classification is, like human knowledge in 
general (Carmichael 1930: 182-200, 223), a joint 
product of the observer and the observed. Distri- 
butional relations of species in the field set limits on 
the groupings which an ecologist will attempt; some 
combinations of species which rarely oceur together 
are obviously “unnatural.” On the other hand, a 
combination of species which do oceur together, al- 
though “natural” in the sense that it does not violate 
obvious distributional relations, may be “arbitrary” 
in the sense that this combination is only one which 
the ecologist has chosen to recognize from the many 
which are equally justified by distributional relations 
of species. 

If groups of species which have closely similar dis- 
tributions occur, clearly separated from other such 
groups of species, then the ecologist’s choice of dis- 
tributional groupings is narrowly restricted by dis- 
tributional relations of species in his data. The dis- 
tributional groupings which he recognizes should be 
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“natural” in the sense that they are clearly deter- 
mined by the data in his possession. If species are 
quite variously distributed, forming no well-defined 
groups distinctly separate from other groups, the 
groupings recognized are free or “arbitrary.” They 
are not clearly determined by the data, but repre- 
sent one among a series of groupings which might 
be recognized without violating the more evident dis- 
tributional relations of species in the data. Relative 
arbitrariness and naturalness of species groupings 
may thus depend on the degree to which the ecolo- 
gist is clearly guided and limited in his choice of 
groupings by actual distributional relations of spe- 
cies in the field and in adequately representative 
sample data. 

The basis of groupings in the present study is the 
location of centers of maximum population level for 
species along gradients, and the problem of natural- 
ness vs. arbitrariness of groupings may be further 
defined on this basis. Various manners in which spe- 
‘cies population centers might be related to one an- 
other may be conceived in terms of degrees of cluster- 
ing along a hypothetical gradient from 0 to 10: (1) 
Species populations are absolutely clustered, so that 
species of one group are centered at 2.0 and those of 
another at 8.0, and none are centered between these 
points. (2) Species populations are relatively clus- 
tered along the gradient, so that in the sequence of 
their centers along the gradient (1.3, 1.6, 2.0, 2.3, 3.5, 
6.0, 7.2, 7.5, 8.1, 9.0) groupings may be recognized, 
even though the centers are somewhat scattered and 
some species are intermediate. (3) Species are distrib- 
uted irregularly along the gradient (0.9, 1.4, 2.1, 3.5, 
4.2, 5.5, 6.0, 7.3, 8.1, 9.0), and the spacing of their 
centers approaches randomness. (4) Distribution of 
centers along the gradient is less irregular than ran- 
domness would require, and the centers are approxi- 
mately equidistant from one another (1.0, 2.0, 3.0, 
ow 

The problem of relative “naturalness” of species 
groupings may thus be approached through degrees 
of clustering suggestive of the degrees of “conta- 
gion” or clustering of individuals in a stand. Con- 
dition (1) would imply that associations of species 
are “natural” groupings (though community-types 
might still be continuous with one another). Condi- 
tion (2) would define varying degrees of relative 
“naturalness” vs. relative “arbitrariness” of group- 
ings which would not necessarily represent either 
obligate associations of species or discrete com- 
munity-types. Groupings of species distributed ac- 
cording to conditions (3) and (4) would be primarily 
arbitrary. The transect data and nomograms (Ap- 
pendix A) apparently exclude conditions (1) and 
(4) for the distributions of species in the Smokies. 
The data show no evidence of high degree of cluster- 
ing according to condition (2). No sensitive statisti- 
cal tests are available at present to distinguish con- 
dition (3) from low degrees of clustering in condi- 
tion (2) and slight departure from randomness to- 
ward the regularity of condition (4). The impres- 
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sion given by the transect data is one of approximate 
randomness, when the distributions of many species 
are being compared (see Whittaker 1951, Fig. 1). 

The moisture classes of trees are consequently re- 
garded as arbitrary groupings, justified by their use- 
fulness rather than by any correspondence to distinct 
clusters of species existing in the field. The locations 
of population modes along the moisture gradient pro- 
vide a basie sequence of species which should not be 
violated in forming the groupings; but within these 
limits various ways of grouping species seem equally 
reasonable. When major species only are considered, 
these sometimes appear to have a low degree of clus- 
tering in the moisture-gradient transects. Thus in the 
transect for elevations between 2500 and 3500 ft 
(Table 2), six major species (Acer saccharum, Tilia 
heterophylla, Aesculus octandra, Betula allegheni- 
ensis, Halesia monticola, and Tsuga canadensis) have 
their centers in steps 1 to 3 of the transect. Four 
major species (Quercus borealis, Acer rubrum, Cas- 
tanea dentata, and Quercus prinus) are centered in 
steps 6 to 9, while the two pines (P. rigida and P. 
pungens) are centered in step 12. It is thus possible 
to regard these as three “natural” groups along the 
gradient if the intermediate positions of other, minor 
species and one major one (Quercus coccinea) are 
not considered. Such groupings of dominants are, 
at best, weak or of low degree among the trees of the 
Smokies. It may also be observed that the more at- 
tention is limited to a few major species, the more 
the irregularity inherent in approximate randomness 
may give an appearance of clustering which is not 
supported by the distributional relations of other 
species. 

Distributions of some species affected by vegeta- 
tional discontinuity suggest a degree of natural clus- 
tering. The ecotonal-mesic group of shrubs and trees 
are centered in mesic sites near 4500 ft. Although no 
two of the species are otherwise alike in distribution 
(see Table 5 and Fig. 13), the group may form a 
“natural” cluster. Other transitional groupings will 
be diseussed below in relation to ecotones (Part IT). 
Some species of other discontinuous types, notably 
the grassy balds, may form natural clusters in rela- 
tion to the rest of the vegetation pattern of the 
Smokies. The data for the Smokies thus suggest: 
(1) Natural clustering of species is probably absent 
or of low degree in most of the vegetation pattern. 
(2) Recognized types and associations are for the 
most part definable by single dominant species or by 
distributional overlaps of two or more dominant spe- 
cies, but not by natural clusters. (3) A tendency to- 
ward natural clustering may exist among some of the 
species of some cominunities, at least if the distribu- 
tions of species concerned are considered only within 
the limits of the Great Smoky Mountains. Such 
relative clustering as may occur in these cases in- 
volves the relatively discontinuous communities of 
more “extreme” environments and the transitions be- 
tween these and other communities. 





January, 1956 


DOMINANCE IN RELATION TO COMMUNITY COMPOSITION 

The tradition of regarding dominants as the keys 
to natural communities is well established in Ameri- 
ean ecology. The American association was defined 
by Nichols (1923) as essentially constant in floristic 
composition, at least with regard to dominant species ; 
and associations of American authors are in general 
defined by dominant species or genera. It was con- 
sidered by Clements that dominant species deter- 
mined the conditions of life for other species, char- 
acterized the community-type, and indicated the habi- 
tat of the community (Clements 1928:236, 253; 
Weaver & Clements 1938 :91, 478; Clements & Shel- 
ford 1939 :238-239) ; dominants were the master-keys 
to the understanding of communities. If such is the 
ease, the effects of dominant species on conditions of 
life for other species should be clearly shown in the 
distributions of undergrowth and minor canopy spe- 
cies. Boundaries of other species might be expected 
in general to coincide with the distributional limits 
of dominants and the boundaries of the community- 
types they define. The transect data provide means 
of evaluating the hypotheses that (1) Dominant 
species through effects on conditions of life determine 
the distributions of other species, and (2) dominant 
species characterize community-types which are rela- 
tively homogeneous in floristic composition. 

One of the significant findings of the transect 
analysis is the manner in which floristic composition 
of communities changes continuously through and 
between many of the vegetation types defined by 
dominance. In the elevation transects of submesie 
and subxerie sites, the dominant species of oaks 
change at around 3700 ft, but the limits of minor 
canopy species and undergrowth species are scattered 
through the whole of the transect rather than con- 
centrated around 3700 ft. In the elevation transect 
of xerie sites, dominant pine species change at ele- 
vations around 2300 and 3300 ft; but limits of other 
species are again scattered along the gradient rather 
than concentrated at these elevations. In the de- 
ciduous cove forests, various combinations of domi- 
nant species occur which are not, so far as could be 
determined, reflected in corresponding combinations 
of major undergrowth species or in total under- 
growth composition. In the gray beech forests and 
hemlock forests, two quite different, but continuously 
intergrading types of undergrowths occur under 
canopies dominated by the same species. In spruce- 
fir forests, rates of change of canopy and under- 
growth along gradients, and directions of most con- 
spicvous change are different; and a variety of 
undergrowth subtypes or site-types occur under can- 
opies dominated by the same species. Quite different 
undergrowths can occur under similar canopies and 
closely similar undergrowths under quite different 
cinioideae. 

Distributions of undergrowth species do not ap- 
pear closely related to those of dominant species. 
Association of dominant species with other green 
plant species is not obligate, and almost all under- 
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growth species oceur in several types of stands, 
dominated by different canopy species. One excep- 
tion to the apparent independence of strata is in the 
close correspondence of the range of gray beech 
dominance in the canopy with that of Carex aesti- 
valis in the herb stratum in south-slope beech gaps. 
In other eases in which there is difference in domi- 
nant growth-form between stands, this difference is 
reflected in undergrowth composition. Stands strongly 
dominated by hemlock differ in undergrowth compo- 
sition from those dominated by mesic deciduous trees, 
and stands of drier sites dominated by spruce and fir 
differ in undergrowth from stands of comparable 
elevations and sites dominated by deciduous trees 
outside the range of spruce and fir. In other cases, 
however, quite similar undergrowths appear under 
canopies dominated by different growth-forms. In 
the elevations around 4500 ft, similar shrub and 
herb strata occur in valley spruce forests, deciduous 
cove forests, and north-slope beech forests. Similar 
shrub and herb strata occur in oak-chestnut heaths 
and pine heaths of the same elevation, when the 
shrub layers of the latter are not dominated by Vac- 
cinioideae. 

These evidences of partial independence of strata 
may give some support to the synusial approach of 
Gams (1918, 1927) and others (Bolleter 1921; Lipp- 
maa 1933, 1935, 1939; Du Rietz 1930, 1932, 1936). 
Distributions of canopy and undergrowth species 
cannot be unrelated when both oceur along the same 
complex-gradients, and distributions of undergrowth 
species can searcely be unaffected by factors of light 
and soil conditions influenced by growth-forms of 
dominants. The approach to communities through 
stratal associations or unions has been criticized 
(Beger 1922-3, Cain 1936, Gleason 1936), espe- 
cially on the basis that canopy and undergrowth spe- 
cies are parts of each others’ environments, at least 
during some stages of life-histories. On the other 
hand, there is no close and exact correspondence of 
undergrowth composition and community dominance. 
Probably no single, simple key to composition of the 
whole community exists; certainly community domi- 
nance often fails to provide such a key. Both “inter- 
dependence” and “independence” of strata are rela- 
tive; distributionally they are expressed in partial 
correlations of varying degrees in different situations, 
rather than in full correlation or the absence of 
correlation. Because these correlations are only par- 
tial, the author has chosen to follow the synusial 
tradition in seeking distributional groupings within 
strata as part of the present study. 

The transect data suggest these conclusions on the 
theory of community-units: (1) Many vegetation 
types are fully continuous with one another, though 
others are relatively discontinuous. (2) Species popu- 
lations are distributed variously or “individualisti- 
cally” (Gleason 1926), no two alike. (3) “Natural” 
clustering of species is probably of limited and spe- 
cial, rather than general, significance. (4) Dominant 
species do not, in many eases, define clearly delim- 
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ited and homogeneous community-units. These state- 
ments may imply (5) that, in general, community- 
units are more “arbitrary” products of classification 
than “natural” units clearly defined in the field. 
This possibility must be further considered in rela- 
tion to other problems of ecological theory and logic 
in following sections (Part IT). 
SuMMARY OF DISTRIBUTIONAL GROUPINGS 

Distributional groupings of plant species will be 
listed to summarize some results of the gradient anal- 
ysis and reduce repetition of species lists in type de- 
scriptions (Part III). The conception on which the 
groupings are based is that of the “commodium” (see 
Part II). Species are grouped together whose modes 
or distributional centers are relatively close together 
in relation to environmental gradients. Species thus 
grouped tend to oceur together in many stands; but 
they will also occur separately in other stands, since 
no two have the same distributions. For reasons al- 
ready indicated, the groupings are considered pri- 
marily arbitrary in the sense that the number recog- 
nized, their limits and relations to the gradients, are 
determined by subjective choice and convenience. The 
groupings will be termed unions and will in most 
environmental relations rather 
Herb-layer groupings may be 


eases be named for 
than major species. 
considered also groups of unions, since species are 
not separated according to life-forms. 

I. Tree strata 

1. Mesie tree class or union, centered in cove for- 
ests below 4500 ft: Tilia heterophylla (ineluding var. 
michauzii and T. truncata Spach.), Aesculus oc- 
Halesia Betula allegheniensis, 
Tsuga canadensis, Acer saccharum, Liriodendron 
tulipifera, Fagus grandifolia (“white”’ and “red” 
populations), Fraxinus americana and v. biltmore- 
ana, Magnolia acuminata, M. fraseri, M. tripetala, 
Cladrastis lutea, Prunus serotina, Carya cordiformis, 
Ilex opaca, Carpinus caroliniana, Ostrya virginiana. 
2. Submesie tree class or union, centered in oak- 
hickory and oak-chestnut forests: Quercus borealis 
and v. maxima, Carya glabra, C. tomentosa, C. 
Acer rubrum, Betula lenta, Acer pensylvanicum, 
Cornus florida, Hamamelis virginiana, Amelanchier 
arborea, Ilex montana, Clethra acuminata. 

3. Subxerie tree class or union, centered in oak- 
chestnut heath and drier oak-chestnut forests: Cas- 
tanea dentata, Quercus prinus (Q. montana Willd.), 
Q. alba, Q. velutina, Nyssa sylvatica, Oxydendrum 
arboreum, Pinus strobus, Robinia pseudoacacia, Sas- 


tandra, monticola, 


ovalis, 


safras albidum. 

4. Xeric tree class or union, centered in pine forests 
and pine heaths: Pinus virginiana, P. rigida, P. 
pungens, Quercus coccinea, Q. marilandica. 

5. Fagus grandifolia (“gray” population) in mesic 
deciduous stands above 4500 ft. 

6. Eeotonal-mesie union, centered in mesic sites at 
elevations around 4500 ft: Betula lutea, Acer spi- 
catum, Amelanchier laevis, Cornus alternifolia. 
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7. Picea rubens, dominating subalpine forests be- 
tween 4500 and 6000 ft. 
8. Abies fraseri and Sorbus americana, centered in 
subalpine forests of highest elevations. 


II. Shrub strata 


1. Low-elevation mesic shrub union: Euonymus 
americanus and Lindera benzoin. 

2. Mesie heath Rhododendron 
and Leucothoé editorum. 

3. Hydrangea arborescens, widespread in 
and submesie sites. 

4. Submesie shrub union, identical with submesie 


tree union listed above but also ineluding shrubs: 


union: marimum 


mesic 


Pyrularia pubera, Rhododendron calendulaceum, Gay- 
Viburnum acerifolium, Calycanthus 
Aralia 


lussacia ursina, 
fertilis and f. 
spinosa, and Smilax rotundifolia. 

5. Subxeric heath union: Kalmia latifolia with 


Lyonia ligustrina, Vaccinium constablaei, and Smilaa 


nanus, Ceanothus americanus, 


glauca. 

6. Xerie shrub union, with low Vaccinioideae 
dominant: Vaccinium vacillans (ineluding V.  palli- 
dum), V. hirsutum, V. (ineluding V. 
candicans (C. Mohr) Sleumer and V. melanocar- 
pum), Gaylussacia baccata, Pieris floribunda, Tlea 


stamineum 


montana v. beadlei. 

7. Eeotonal-mesie shrub union, identieal with eco- 
listed above but including 
alnifolium, Sambucus pubens, 


tonal-mesie union also 


shrubs: Viburnum 
Ribes cynosbati. 

8. Low-shrub union of subalpine forests: Vac- 
cintum erythrocarpum, Menziesia pilosa, Diervilla 
sessilifolia. 

9. Lower-elevation heath bald shrub union: Kal- 
mia latifolia, Viburnum cassinoides, Aronia melano- 
carpa. 

10. High-elevation heath bald shrub union: Rho- 
carolinianum, Leiophyl- 


dodendron catawhiense, R. 


lum lyoni Sweet. 
III. Herb strata 
1. Mesie herb union: Dryopteris spinulosa vy. in- 
Eupatorium 
pallida, 


thelypterioides, 
rugosum, Cimicifuga Impatiens 
Caulophyllum thalictroides, Laportea canadensis, Tril- 
lium erectum f. albiflorum, Aster divaricatus, Adian- 
tum pedatum, Actaea pachypoda, Thalictrum dioicum, 
Hepatica acutiloba, Viola rotundifolia and _ spp., 
Stellaria pubera, Tiarella cordifolia, Mitella diphylla, 
Euonymus obovatus, Galium triflorum, Mitchella re- 
pens, Osmorhiza longistylis. 
2. Mesie high-elevation 


termedia, Athyrium 


racemosa, 


herb union: Rudbeckia 
laciniata, Circaea alpina, Dryopteris spinulosa v. 
americana, Allium tricoccum, Solidago glomerata, 
Chelone lyoni, Clintonia borealis, Diphylleia cymosa, 
Lilium superbum, Oxalis montana, Senecio rugelia, 
Monarda didyma, Aster acuminatus, Streptopus ro- 
seus, Trillium erectum. 

3. Submesie herb union: Polystichum 
choides, Smilacina racemosa, Viola hastata, Aureo- 


acrosti- 
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laria laevigata, Solidago sp., Prenanthes trifoliolata, 
Uvularia pudica and U. sessilifolia, Pedicularis cana- 
Medeola_ virgini- 
pubescens, 


densis, Desmodium  nudiflorum, 


ana, Veratrum parviflorum, Goodyera 


Galium latifolium, Dryopteris noveboracensis, Thas- 
pium trifoliatum, Parthenocissus quinquefolia, Poly- 


gonatum spp. 

4. Submesie high-elevation herb union: Carex aesti- 
valis, Carex sp., Prenanthes altissima, Solidago sp., 
Arisaema quinatum (Nutt.) Sehott., Houstonia ser- 
pyllifolia, Smilax herbacea, Athyrium filix-femina 
v. asplenioides, Angelica triquinata, Thalictrum poly- 
gamum. 

5. Subxerie herb union: 
phila maculata, Campanula divaricata, 

6. Xeric herb 
pogon scoparius, A, 
Baptisia tinctoria, Pteridium aquilinum vy. latinseu- 


Galax aphylla, Chima- 


union: Coreopsis major, Andro- 


virginicus, Tephrosia virginiana, 
lum, Sericocarpus asteroides, S. linifolins, Aster sp., 
Antennaria sp., Panicum sp., Gaultheria procumbens, 
Epigaea repens. 

7. Heath bald herb Trillinm 


Melampyrum lineare, Lycopodium obscurum. 


union: undulatum, 

8. Grassy bald herb union: Danthonia compressa, 
Potentilla Poir., Stachys 
clingmanii, and introduced species (Agrostis alba, 


canadensis v. caroliniana 
Phleum pratense, Hieracium scabrum, Rumex aceto- 
sella, Prunella vulgaris). 


II. DISCUSSION: AN INTERPRETATION OF 
VEGETATION PATTERNING 
DISTRIBUTIONS OF SPECIES AND THE STUDY OF 
GENECOLOGY 
In Part I a number of curves for distributions of 
plant populations along environmental gradients were 
illustrated. Such curves are doubtless of fundamental 
significance in ecology, clarifying as they do the re- 
lations of species populations to one another, to habi- 
tats, and to community-types. Real understanding of 
phenomena of 
these 
knowledge of 
may, however, permit at least partial interpretation 
of some distributions observed in the Great Smoky 
Mountains. For much of the genetic information used 
in this discussion the author is indebted to W. H. 
Camp, who has given the author the benefit of his 
experience with plant populations in the Smokies 
through personal communication as well as published 

work (Camp 1945, 1951; Camp & Gilly 1943). 

An ideal situation may first be imagined: an un- 
broken complex-gradient of environment along which 
a population consisting of a single biotype is distrib- 
uted and is maintaining itself. A maximum popula- 
tion level should oceur at that point of the gradient 
which represents optimum conditions for the biotype, 
and the number of individuals should decrease with 
increasing departure from the optimum in either di- 
rection. The curve of distribution for this population 
would be essentially a curve of probability of sur- 


population dynamies which underlie 
must await future Present 
the genetics of species populations 


curves research, 
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vival against factors of environment which prevent 
germination or kill increasing proportions of the 
population with increasing departure from the op- 
timum. It seems likely that the curve of population 
level along the gradient would be of the classical 
bell-shaped binomial, or Gaussian, form. It has been 
suggested by Gause (1930, 1931) and others (Whit- 
taker 1951, 1952; Brown & Curtis 1952) that the dis- 
tributions of species approximate this form. The 
majority of the curves indicated by transect data 
in the present work are of this form, if one allows 
for occurrence of very wide dispersions and some- 
times of more than one peak or mode. 

It is suggested that curves approaching the bi- 
nomial form are the most general pattern in the dis- 
tribution of species populations along environmental 
gradients. Various departures from the ideal form 
may he expected as conditions depart in various ways 
from the situation considered above. In_ the 
Smokies data four (which are 
lated and may differ only in degree) affecting popu- 


ideal 
conditions interre- 
lation curves may be recognized: genetic diversity 
of a relatively homogeneous species population, ge- 
netic complexity in a relatively heterogeneous spe- 
cies population, effects of interspecific competition, 
and direct environmental limitation of the population. 

Seldom does a population in the field consist of a 
single biotype (1. e. of individuals which are geneti- 
‘ally identical), though such populations can be pro- 
duced through apomixis. Usually the population eon- 
tains some range of variation, and genotypically dif- 
ferent different 
in the range of conditions occupied by the species. 
Probability of survival of different genotypes differs 
at different points along a gradient, and progressive 


individuals encounter environments 


change in genotypic composition of the population 
along a gradient is consequently to be expected. Since 
genotypic differentiation within the population per- 
different en- 
environments 


mits different individuals to oceur in 


vironmental conditions, the range of 
occupied by the species is in part a reflection of its 
range of genotype diversity. In relation to disper- 
sions or amplitudes of species distributions along 
gradients we may distinguish: a) the range of tol- 
environmental dispersion 
of a single biotype of the species, and b) the addi- 
tional range and dispersion resulting 
from diversity of biotypes. 


erance and corresponding 
of tolerance 


Among the distributions of species along the ele- 
vation gradient (Figs. 8, 9. 10; tables 5, 6, 7; Whit- 
taker 1951, table 2), three intergrading types of 
curves may be observed: a) sharply peaked binomial 
Acer spicatum, Quercus 
widely dispersed binomial curves, occupying much 
of the gradient, e.g. 
Pinus 


curves, e.g. coccinea, b) 
Acer saccharum, Acer rubrum, 
c) curves extending along the 
whole of the gradient studied, with population levels 
changing gradually from one extreme to the other, 
e.g. Tsuga canadensis, Castanea dentata. The spe- 
cies of the first group appear in the field to be rela- 
tively homogeneous, so far as may be judged from 


rigida, and 
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their morphologies. In most species of the second 
and third groups there is some morphological evi- 
dence of genetic heterogeneity. 

A genetic trend in a population along an environ- 
mental gradient may be termed a cline (Huxley 
1938, 1940, 1943; Gregor 1939, 1946). Sinee its in- 
troduction by Huxley, the term cline has been used 
in two senses which are related but should be dis- 
tinguished. Probably the majority of authors using 
it have applied the term to continuous change in an 
individual character in populations observed along 
an environmental gradient. Some authors have re- 
jected the cline concept as an approach to ecotypic 
variation because of the irregular or zig-zag varia- 
tion in some morphological characters (e.g. Clausen 
1951: 26-28). Irregularity in some morphological 
traits should not obscure the trends in more funda- 
mental physiological characters of populations along 
gradients, such as are illustrated in the studies of 
. Clausen, Keck, and Hiesey (1940, 1948) and Clausen 
(1951). Beeause genes are interrelated, it is prob- 
ably seldom the ease that a single character of a 
plant population changes quite independently of 
others in relation to environment. Changes in many 
genes, affecting in different but related ways the 
physiological pattern of the whole plant, may be 
expected along environmental gradients. It is the 
trends in genotypie composition of populations along 
environmental gradients which are of real ecological 
significance, and in the present work the term cline 


will be applied in the second sense, to these trends. 
Even without experiments, the morphologies and 
distributions of tree species in the Great Smoky 


Mountains provide limited evidence that wide range 
of environmental tolerance of a continuous species 
population may be based on a wide range of clinal 
variation in that population. Some indications of 
this effect are provided by the nomograms of Ap- 
pendix A, as well as by the transects. The nomo- 
grams outline with population contour lines the dis- 
tributions of species in relation to the two major 
complex-gradients studied in the Great Smoky Moun- 
tains, elevation and moisture-balance. In each spe- 
cies one (at least) environmental optimum for the 
population may be recognized in the peek of the 
population figure; and as one departs from this 
optimum in any direction the population levels de- 
cline with the tapering slope of a binomial curve. 
The area of the diagram covered by the whole popu- 
lation represents its range of tolerances of combina- 
tions of elevation and moisture-balance, and hence its 
full ecological amplitudes in relation to these com- 
plex-gradients. 

In an essay on evolution Wright (1932) has de- 
scribed a symbolic landscape of adaptation, in which 
a given favorable combination of genes forms an 
“adaptive peak” for the species, surrounded by “val- 
leys” of less favorable genetic combinations. The 
diagrams of Appendix A may be compared with 
Wright’s landscape of adaptation, with the restric- 
tion that the popluation figures represent only the 
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one or more adaptive peaks which a given species 
population has succeeded in occupying within the 
limits of the Great Smoky Mountains. As the great 
diversity of possible gene combinations is reduced 
to a representation on two dimensions by Wright, 
so the whole range of environmental gradients en- 
countered by a species is reduced in the nomograms 
to two complex-gradients within the limits of one 
mountain range. In the nomograms “adaptive peaks” 
are represented by maximum population levels 
reached by the biotypes occurring in an environ- 
mental optimum, and these peaks are surrounded by 
slopes and valleys of lower populations and absence. 
Many species with particularly wide distributions 
in the Smokies are complexes of population-types, 
races, or ecotypes. It may be thought a general prin- 
ciple that species occupying a wide range of en- 
vironmental conditions are able to because 
they have evolved series of physiologically distinct 
races (Clausen 1951:29). The red maples (Acer ru- 
brum), which have probably a wider ecological range 
in the Smokies than any other “species,” form an 
array of high-polyploid races. Genetic differentiation 
in the sugar maples (Acer saccharum), which oceupy 
a wide range of elevation in the Smokies, has been 
described by Desmarais (1952). Quercus falcata, 
which extends widely along the moisture gradient 
from cove forest transition to pine forest as a scarce 
species of lowest elevations in the Smokies, is well 
known as a member of a complex. The white bass- 
woods, here designated Tilia heterophylla, form a 
complex in which 7. heterophylla v. michauxii and T. 
truncata have also been named. The squaw-huckle- 
berries are likewise a complex in which Vaccinium 
candicans and V. melanocarpum have been named, 
as well as V. stamineum, the name here applied to 
the whole complex. Two species which are familiar 
as part of the forests of the northeastern states ap- 
pear in the Smokies with contrasting distributions. 
Pinus strobus is confined to low elevations, but Tsuga 
canadensis extends from lowest elevations to high 
ones. Presumably the high-elevation populations of 
Tsuga canadensis are ecotypic variants related to the 
northern ones, and equivalent ecotypie variants are 
lacking in the population of P. strobus in the Smokies. 
It is of interest to observe that Tsuga canadensis is 
confined to low elevations in the nearby Cumberland 
Mountains (Braun 1950), as Pinus strobus is in 
the Smokies. 

In other species partial or complete division of the 
populations into two or more population peaks ap- 
pears.. The two birches of the Smokies are both 
high-polyploid complexes showing evidence of differ- 
entiation along the elevation gradient. The yellow 
birches are designated Betula allegheniensis, and one 
mode or point of highest population density in rela- 
tion to elevation is around 3,000 ft. At higher ele- 
vations the yellow birches extend into spruce-fir for- 
ests from a second mode near 4;500 ft, and these 
high-elevation yellow birches are probably to be 
compared with the northern B. lutea. The sweet or 


do so 
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black birches (B. lenta) have a wide range through 
community-types, with a principal population center 
at lowest elevations and a secondary mode at high 
elevations. The birches of the yellow complex, and 
probably those of the sweet or black, are facultatively 


apomictic. Kstablishment of apomictic races with 
characters segregated from the polyploid complexes 
is a probable means of their occupation of wide 
ranges of environments in the Smokies. Apomixis 
does not create new genotypes, but can fix and main- 
tain favorable ones already achieved which permit 
the occupation of an environment, especially one 
becoming newly available. Both the birch complexes 
are important trees of fire successions, as well as of 
climax forests, in the Smokies. 

In Appendix A the bimodal populations of Quercus 
borealis, Carya glabra, Halesia monticola, and Hama- 
melis virginiana may be observed. In these four 
cases the populations are continuous along the ele- 
vation gradient and appear to gradate into one an- 
other morphologically (morphological differentiation 
in C. glabra and H. virginiana was not observed). 
In the first three of these, at least, the high-elevation 
ecotype appears relatively less mesic than the one 
of low elevations (so far as can be inferred from 
their relations to the whole vegetation pattern). The 
two modes in each case represent different, favorable 
genetic combinations and adaptive peaks within a 
species poplation, which also occupies the valley be- 
tween them at lower population levels. 

The white oaks (Quercus alba) in the Great Smoky 
Mountains consist of two fully discontinuous popula- 
tion-types, separated by an elevation gap of 1000 ft 
or more. In the Cumberlands the high-elevation white 
oaks are lacking, and the upper altitudinal limit for 
white oak is about 2000 ft (Braun 1950). Low- and 
high-elevation ecotypes may be recognized also in 
the red oaks, although these are not separated by a 
comparable hiatus. The low-elevation population of 
northern red oaks may be identified as Quercus bore- 
alis v. maxima; in the high-elevation population 
characters of Quercus borealis v. borealis predomi- 
nate, though somewhat mixed with those of var. 
maxima, From lowest elevations to highest the char- 
acteristics of populations change from those of var. 
maxima toward those of var. borealis, although a 
range of variation in these characters occurs in each 
population observed. An extended cline thus con- 
nects Quercus borealis and var. maxima along the ele- 
vation gradient (and the moisture gradient, var. 
maxima being relatively more and var. borealis less 
mesic). It is believed that this cline is one formed 
through introgressive hybridization (Anderson 1949, 
1953) between two ancestral oak population-types, 
though it is not assumed that the red oaks of lowest 
and highest elevations in the Smokies are representa- 
tive of these ancestral types. 

A gap of about 1000 ft also exists in the distribu- 
tion of beeches (Fagus grandifolia), among which 
three population-types and modes are to be distin- 
guished (Camp 1951). At lowest elevations in cove 
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forests and cove forest transition the “white” beech, 
of primarily southern distribution, may be recog- 
nized. About 1000 ft above the upper limit of the 
white beech, other, “red” beeches appear in the upper 
cove forests (3500-4500 ft). The third beech type, 
the “gray,” appears in the beech gap forests of still 
higher elevations, above 4500 ft. The red and gray 
beeches in the northeast half of the Smokies are dis- 
tinctive population-types, each with its own habitat 
and population mode; but they are only partially 
discontinuous. Where the two types come in contact 
they are connected by clines leading through inter- 
inediate types, and genes have apparently crossed 
between them extensively. To a more limited extent 
genes may also have crossed in both directions the 
gap separating the white from the red and gray 
beeches. At high elevations outside the range of the 
spruce-fir forests, in the southwestern part of the 
Great Smoky Mountains, the habitat distinction be- 
tween “gaps” (cols of the high ridges and the steep 
concave slopes extending down from them) and 
“coves” (bottoms of V-shaped valleys with flowing 
streams) breaks down. In this area, slopes of the 
mountains above 4500 ft occupied by beeches corre- 
spond to the habitat of neither red nor gray beech; 
and correspondingly the partial discontinuity be- 
tween them appears to break down. The beech popu- 
lations of the southwestern Smokies appear to be 
formed by thorough mixture of characters of the 
gray and red, variously segregating into different 
individuals and stands. 

Several patterns of response have been observed 
among species of wide extent along the elevation 
gradient in the Great Smoky Mountains. Some ex- 
tend from low elevations to high with a continuous 
population embodying clinal variation. Others show 
partial discontinuity, with the appearance of two or 
more modes along the gradient within the population. 
In two species population-types which are fully dis- 
continuous may be recognized; but one of these, the 
beeches, forms a complex combination of continuity 
and discontinuity involving three or four major popu- 
lation-types. It may thus be apparent that there 
are all degrees of continuity and discontinuity in the 
relations of natural populations to environmental 
gradients. There are all degrees of segmentation of a 
clinal population into partially or wholly discon- 
tinuous population-types or ecotypes. 

The term ecotype has been variously interpreted 
since its introduction by Turesson (1922a, 1922b) 
for the genotypic response of the plant species to 
habitat. If the ecotypic variation of a species is in 
the form of a fully continuous cline, then any ecotypes 
which may be recognized are arbitrarily distinguished 
parts of the cline (Gregor 1944). The term ecotype 
may also be restricted to those population-types which 
are wholly or partially discontinuous and are differ- 
entiated in relation to habitat, within a species popu- 
lation. In the terminology used here, cline is a gen- 
eral term for genetic trends through populations, 


trends which may extend as “intergroup clines” 





28 R. H. WuitraKerR 


(Huxley 1938, 1940, 1943) through series of par- 
tially or wholly discontinuous populations. Cline 
is eustomarily applied to the populations through 
which a genetic trend exists as well as to the trend 
itself. Along a segmented cline ecotypes may be 
recognized as relatively discontinuous population- 
types, marked by a distinct population mode, at least. 
The term ecotypic population is conveniently applied 
to a population-type which is recognized as distine- 
tive in its adaptation to habitat, when it is not known 
whether this is a clinal population continuous with 
other populations along a cline, or an ecotype rela- 
tively discontinuous with other ecotypes. 

Because of the separation of populations into local 
habitats not arranged along gradients, and beeause of 
the possibility of genetic drift within local popula- 
tions, these will not always form clines. In some spe- 
cies there may be much ecotypie variation which can- 
not be reduced to clines and related to environmental 
gradients. It may further be observed that ecotypes 
occur within ecotypes (e.g., edaphic within climatic 
ecotypes, Zherebina 1931, Kruckeberg 1951, 1954), 
that ecotypes occur along clines and clines within 
ecotypes, that clines may cross one another in various 
ways, and that minor clines may oceur within seg- 


ments of major ones. Ecotypes and c¢lines, as defined 
here, oceur in all possible combinations. Clines and 
ecotypes are thus alternative and complementary 
means of abstracting from the ecotypie variation of 
species, emphasizing relative continuity and relative 


discontinuity, respectively, applicable according to 
the particular combination of continuity and discon- 
tinuity existing in a given species population (cf. 
Stebbins 1950, Whittaker 1954b). 

Both clines and ecotypes may be thought funda- 
mentally physiological (in a broad sense) in meaning 
though sometimes recognizable also in morphology. 
The ecotype may be thought to represent a relatively 
favorable genetic combination within the species, an 
adaptive peak in relation to environment which has 
actually been attained. It seems likely that such 
favorable genetic combinations are usually expressed 
in local maxima of population density, in population 
peaks such as are illustrated in Appendix A. The 
occurrence of clines and the ridge-like shape of some 
of the population figures in Appendix A (granting 
that the relative lengths of the ordinate and abscissa 
are wholly arbitrary) suggest that adaptive “peaks” 
may take the form of “ridges” in relation to com- 
binations of gradients. The genetic pattern and the 
more abstract adaptive landscape of a complex spe- 
cies, or of a genus or comparium, may be visualized 
as a complex topography of hills, peaks, and ridges 
of different heights and extents, variously related to 
one another and variously separated by cols, ravines, 
and level valley bottoms of different depths and 
widths. 

The role of introgressive hybridization in modify- 
ing the genetic pattern of species has been referred 
to. An introgressive cline suggestive of that in the 
northern red oaks appears among the blueberries, 
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for the low-bush blueberries which occur in pine 
forests at all elevations from 1500 to 4500 ft form a 
cline gradating upward from populations approach- 
ing Vaccinium vacillans to those approaching V. 
pallidum (Camp 1945). The population of black 
oaks (Quercus velutina) has a ridge extending up- 
ward in subxeric sites from the main population 
center toward the high-elevation population of Q. 
borealis (Appendix A). It is believed that this ridge 
results from the introgression of genes from Q. bore- 
alis, permitting an extension of the Q. velutina popu- 
lation toward higher elevations. Introgression may 
thus permit extension of range of a population, as in 
the more conspicuous example of Helianthus bolan- 
deri, a serpentine endemic turned weedy (Heiser 
1949; Anderson 1949:76). By hybridization also, 
essentially new population types may be produced 
from the genetic materials of old. Thus the high- 
elevation beeches of the southwestern Smokies may 
be interpreted as a new ecotype produced from the 
genetic materials of the other basie beech types. The 
importance of introgressive hybridization has been 
cmphasized especially in relation to the new habitats 
produced by man (Anderson 1948, 1949). The few 
examples given from the Smokies may suggest the 
impertanee of hybridizations among woody plants in 
this pattern of climax vegetation (cf. Muller 1952). 
Certain distributional patterns are affected by 
polyploidy. Among the maples the diploid mountain 
maple (Acer spicatum), with a restricted distribu- 
tion and sharply peaked binomial curve, may be com- 
pared (see Appendix A) with the widely ranging 
polyploid red maples (Acer rubrum). Among the 
magnolias the relatively sharply peaked and restricted 
diploids Magnolia fraseri and M. tripetala may be 
compared with the tetraploid M. acuminata. The 
high-bush blueberries of the Smokies are a hexaploid 
complex (Vaccinium constablaei) derived by allo- 
polyploidy from V. altomontanum and V. simulatum 
(Camp 1945). V. constablaei oceupies a particularly 
wide range of habitats, ranging from lower elevations 
to high ones, from oak-chestnut forests to pine heaths 
along the moisture gradient, and into types as physi- 
ognomically different as deciduous forest and pine 
heath, subalpine forest, grassy bald, and heath bald. 
The genetic characters derived from its parents segre- 
gate into individuals resembling the parent species, 
as well as in other combinations. V. constablaei has 
been regarded by Camp (1945) as a typical allo- 
ploidion (Camp & Gilly 1943) because of this utili- 
zation in different habitats of genetic materials de- 
rived from two ancestral species. 

There is no reason why a diploid species with ex- 
tensive ecotypic variation should not have a wider 
range than a polyploid derived from it. The Fagaceae 
of the Great Smoky Mountains form an instructive 
series on the diploid level: from Quercus prinus, Q. 
coccinea, Q. marilandica, and Q. stellata, which are 
relatively homogeneous and of restricted ecological 
amplitude (within this study area), through Q. velu- 
tina with a limited extension of its range by intro- 
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gression and Castanea dentata with an extended cline 
of unknown derivation, Q. alba and Q. borealis with 


two distinct ecotypes, discontinuous or connected 


by introgression, to the complex pattern of Fagus 


grandifolia. Allopolyploidy, however, combines the 
genetic stock of two species from which characters 
may be segregated in relation to environment and is 
a means by which, in some cases, species of wide eco- 
logical amplitudes may be produced. 

Genetic knowledge of the plants of the Great 
Smoky Mountains is very limited. It may neverthe- 
less be evident from the preceding how closely inter- 
related are the genetic pattern and distributional pat- 
tern of a species. Although these develop together 
in relation to environmental possibilities, the distribu- 
tional pattern may to some extent be regarded as an 
expression of the genetic pattern. In terms of 
Wright’s topographic analogy, the population center 
or centers occupied by the species are expressions of 
the one or more favorable adaptive combinations in 
relation to environment possible for that species 
which have actually been occupied. Selection, restrict- 
ing the diversity of biotypes, may tend to confine or 
reduce the area of these population peaks; but 
differential selection in different environments may 
tend also to produce clines and to cause the differ- 
entiation of ecotypes. Mutation, cross-fertilization, 
and introgression may tend to maintain or increase 
the area of population peaks by maintaining or in- 
creasing the diversity of biotypes. Other reproduc- 
tive patterns which limit the recombination of char- 
acters (self-fertilization, apomixis, structural hy- 
bridity) may inerease the range of environments 
effectively occupied by quite different means, facili- 
tating the maintenance of favorable genetic combina- 
tions which have already been achieved. Hybridiza- 
tion, involving either introgression or polyploidy, 
may permit the formation of new favorable genetic 
combinations and hence the occupation of different 
habitats and the development of new population 
peaks. 

Effects of environmental limitation and the pres- 
ence of other plants on these distributional patterns 
have not yet been discussed. For those effects of 
plants which reduce growth of individual plants and 
the populations of species, the conveniently vague 
term “competition” exists. The forests of the 
Smokies are (excluding disturbed stands and allow- 
ing for effects of death of the chestnuts) mature and 
self-maintaining forest communities, fully occupied 
by plants. The population patterns described are 
population patterns maintained against a background 
of relatively rigorous competition. 

One of the tree species in the Smokies may be 
thought a particularly effective “competitor.” East- 
ern hemlock (7suga canadensis) forms stands strongly 
dominated by itself in sites which are relatively mesic, 
though less so than those of cove hardwoods forests. 
The hemlock thus divides the deciduous forests along 
the moisture gradient by a belt of coniferous forests 
which approach single-species dominance and offer 
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quite different edaphic conditions (see Part III). A 
series of deciduous tree species show evidence in the 
nomograms (see also Fig. 4) of partial division of 
their populations by hemlock. The partially sepa- 
‘ated populations may well be ecotypes or incipient 
ecotypes; some genetic differentiation may be ex- 
pected to accompany partial separation of popula- 
tions into different habitats. Because of effects of 
“competition” on populations, the physiological op- 
timum for a species or ecotype, as it may be deter- 
mined in the laboratory or experimental garden, and 
the population mode in relation to environments oc- 
cupied by other plants, should be clearly distin- 
guished. The necessity of the distinction may be 
illustrated with special effectiveness by serpentine 
plants which are largely confined to serpentine soils 
by intolerance of competition on other soils, on which 
they may show better growth in the absence of other 
plants than on serpentine (Kruckeberg 1954). 

Most of the mature forests of the Smokies are 
mixed stands of several or many species, whose popu- 
lations are in competition for resources of environ- 
ment. Since the space, water, and nutrients of a 
habitat are limited, and since several species grow 
together there in competitive balance, none of these 
species can reach the abundance which its reprodue- 
tion, growth, and survival might permit if it were 
alone in the site. When several species of rather 
broad amplitudes are distributed together along a 
gradient as the subxerie trees are (Fig. 9), they are 
competing with one another at or near their optima; 
and the peaks of their distributions must conse- 
quently be mutually depressed. Such depressed dis- 
tributions may be contrasted with those of the pines 
illustrated in Fig. 10, in which the modes of a series 
of dominant species are spaced along the gradient at 
different elevations. Two effects may thus be distin- 
guished in producing distributional curves which ap- 
pear “depressed” in contrast with the ideal, sharply 
peaked binomial—hbiotype diversity which increases 
dispersion, and competitive limitation of the height 
of the curve. 

When environmental resources more directly limit 
a single species, an even more distinctly flattened 
curve may result. If a species has such competitive 
advantage that it approaches single-species domi- 
nance along part of a gradient, height of the curve 
may be limited by the maximum density of that spe- 
cies possible in the environment. The distribution 
may then be vertically truncated, flattened under a 
ceiling in the form of a plateau, with fairly constant 
abundance along part of the gradient. A distribution 
of this type is shown for a field transect from cove 
forest into gray beech forest (Fig. 13). Implications 
of such “plateau” distributions will be discussed 
further below. “Competition” may thus affect dis- 
tributional patterns in various ways: formation of a 
plateau with competition occurring within the species, 
depression of population levels through competition 
with other species, competitive splitting of the dis- 
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tribution, and displacement of the environmental 
mode from the physiological optimum. 

It is sometimes said that distributions of species 
are ultimately to be understood through their physi- 
ologies, and that autecology becomes in the end ap- 
plied physiology. It should be clear that there is 
far more to the distributions of species than is to be 
learned from physiological experiments with small 
numbers of individuals. The ecological amplitude of 
a population is in large part also the genetic ampli- 
tude of that population, and not only the physiologi- 
cal tolerance of a few individuals. The population 
mode is the environmental optimum for the species, 
but this is an optimum in relation to competition, 
ete., in natural communities and not simply a physio- 
logical optimum. Species populations in the Smokies 
did not in general have sharp boundaries at particu- 
lar physiological limits, but tapered gradually to 
searcity and absence with decreasing probability of 
survival of individuals. Outlines of distributions were 
rounded, as the population levels were affected by 
different combinations of interrelated moisture and 
temperature factors, rather than by particular limits 
for one factor or another. 

Distributions of species are to be understood not 
from limits of tolerance of experimental individuals 
alone, but from various types of information, which 
may inelude history, physiology, ecological life his- 


tory, population dynamics, genetics, ete. To be ade- 
quate for distributional interpretation of complex 


species, knowledge of physiology and life histories 
should include differences in these among ecotypic 
populations. Population dynamics of plants is a 
major area of neglect in ecology, and could be given 
little diseussion here except in terms of “competi- 
tion.” Ecological genetics and population genetics 
have not been brought extensively into autecological 
interpretation, but their importance should be clear. 
The implications of genetic understanding in syne- 
cology may be less direct, but seareely less significant, 
than those in autecology. The vegetation pattern of 
the Smokies would, for example, be scarcely in- 
telligible if population complexities of the red and 
white oaks and beeches were not recognized. 

A partieular type of genetic knowledge, relating 
the genetics of populations to habitats and distribu- 
tional patterns, has been emphasized here, an area of 
study termed genecology by Turesson (1923), its 
pioneer. In spite of Turesson’s name, genecological or 
ecogenetic knowledge has developed primarily in the 
fields of systematics and the study of evolution, and 
not in ecology. Genecology may appear as a scientific 
crossroads relating the four major fields of genetics, 
ecology, systematics, and the study of evolution. As 
an essential part of understanding both in ecology 
and in the systematics on which the ecologist is de- 
pendent, genecology may well be a major concern 
of ecologists (ef. Constance 1953, Whittaker 1954b) 
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THE AssociaTioN-UNIT THEORY AND INDIVIDUALISTIC 
HyYportHESsIs 

One of the most nearly universal ideas among dif- 
ferent schools of ecology is that of vegetation units, 
which have most commonly been termed associations, 
Some representative statements on associations from 
different schools are the following: Flahault & 
Sehroter (1910:152, Pavillard 1935), “An associa- 
tion is a plant community of definite floristie eompo- 
sition, presenting a uniform physiognomy, and grow- 
ing in uniform habitat conditions. The association 
is the fundamental unit of synecology.” Braun- 
Blanquet (1921), “The association is a plant com- 
munity, characterized by certain floristic and socio- 
logical marks, which reveals a certain independence 
through the presence of character-species.” Nichols 
(1923), “Viewed in the abstract, an association may 
be described as a vegetation-unit characterized by its 
essentially constant physiognomy and _ ecological 
structure and by its essentially constant floristic com- 
position, at least with regard to dominant species.” 
Conard (1939), “The association of individuals and 
species is much more than a chance meeting. It is 
part of the order of nature. Associations of 
plants on land are definable entities, susceptible of 
naming and classifying.’ Du Rietz (1929), “. . . the 
association is a conerete part of actual vegetation, 
though mostly split up into a large number of iso- 
lated parts. I am quite unable to regard each of 
these isolated parts as a fundamental unit of vege- 
tation analogous to the individuals, the real funda- 
mental unit being the sum of all the parts showing 
essentially the same composition.” Tansley (1920), 
“But if we admit, as everyone who has worked at 
the subject does admit, that vegetation forms natural 
units which have an individuality of their own, and 
that these units owe their existence to the interaction 
of individual plants of different species with their 
environment, then it becomes clear that a mere study 
of the distribution of species as species cannot form 
the basis of the science of vegetation. We have in- 
stead to focus our attention on the vegetational units 
themselves.” 

The central idea of these conceptions of vegetation 
may be termed the association-unit theory, the belief 
that vegetation consists of distinct, natural units 
called associations. With the association, so far as 
basie philosophy is concerned, may be grouped such 
other units as the formation or biome, sociation, 
union and socion, site-type, life-zone, ete. We may 
regard the association-unit theory as a form of a 
broader community-unit theory, which assumes that 
natural communities are made up of units and that 
these units are themselves the proper objects of 
study. Like the cell theory and the molecular theory, 
the community-unit theory is a conception of the 
structure and organization of the phenomena with 
which the scientist deals. Whatever the present 
status of the community-unit theory, for its role in 
the development of ecology and for its influence 





January, 1956 


within and beyond the field, it may be recognized 
as one of the major theories of science. 

An alternative conception, the “individualistie hy- 
pothesis,” has been held by some authors. The prin- 
ciple of species individuality was advanced in Russia 
by Ramensky (1924) and within a few years inde- 
pendently recognized in this country by Gleason 
(1926) and in France by Lenoble (1926, 1928) and 
Fournier (1927). In the American literature it has 
been supported by Gleason (1926, 1929, 1939), Cain 
(1947), Mason (1947), Egler (1947), Whittaker 
(1951, 1952), Curtis & MeIntosh (1951), and Brown 
& Curtis (1952), and has been criticized by Clements 
et al. (1929:315), Nichols (1929), and Cain (1934). 
By this conception the species of plants are regarded 
as “individualistic,” each responding to environ- 
mental faetors according to its own characteristics, 
and hence no two alike; and stands are regarded as 
essentially individual phenomena, varying combina- 
tions of species populations which may only arbi- 
trarily and artificially be grouped into associations. 
The significance of biotic factors may be granted, but 
species populations respond individualistically — to 
biotic, as well as physical, factors; and interaction 
among species is not, in general, of the obligate char- 
acter necessary to accomplish the organization of 
complex communities into distinct units. The essen- 
tial propositions are two: (1) Species are distributed 
individualistically, each according to its own physi- 
ology and biotic relations; and (2) communities, 
formed by the overlap of species distributions, are 
not organized into discrete units or associations. 

The controversy has centered on the question of 
whether or not associations are “real,” “natural,” 
“valid,” or “fundamental” units. The association is 
an abstract type or class of communities; and the 
statement that such an abstract class is, or is not, a 
real, natural, valid, and fundamental unit conveys 
little that is not subject to varied interpretation. The 
discussion of such a problem is likely to be a semantic 
skirmish unless the issue is so defined that research 
can be done and evidence brought to bear upon it. 
For effective discussion it seems necessary to formu- 
late the question in terms of properties of stands in 
relation to one another and distributions of species 
in relation to one another which may satisfy one hy- 
pothesis or the other. 

Relations between stands which would make the 
association an ideal, “natural” unit are simply de- 
fined: the association should be homogeneous inter- 
nally, its stands being very much like one another, 
and discontinuously externally, its stands being quite 
different from those of other associations. Transi- 
tions between associations should be, if not absent, 
of very limited extent compared with that of the 
homogeneous associations themselves. Homogeneity 
of an association, in the sense of close similarity of 
its stands, implies that its species are similarly dis- 
tributed, having similar population levels in the dif- 
ferent stands. Discontinuity of associations implies 
abrupt change in species populations wherever a 
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stand of one association meets a stand of another 


association; it may further imply that many, if not 
all, species populations will have their limits in the 


boundaries of their associations. Any interpretation 
of associations may poorly represent the views of 
some authors, but a formulation of the association- 
unit theory based on distributional relations of spe- 
cies may be attempted (cf. Du Rietz et al. 1920, 
Du Rietz 1921). 

A few essential ideas are implicit or explicit in the 
statements quoted and in most ecological thinking on 
ass’ ‘ations. The first is that vegetation is made up 
of 1 \ts, the associations, which are “fundamental” 
and not subjective in nature. Second is the belief 
that the unity of associations is intrinsic and dy- 
namie, that species are organized into associations 
by common response to environment and by neces- 
sary relations among them. Third is the conception 
that species are distributed in terms of these units. 
If the units are fundamental and the organization of 
species into units real, the reality of the units should 
appear in the distributions of species. Interdepend- 
ent species cannot very well be independently dis- 
tributed. The third proposition is a consequence of 
the second and an explanation of the first; and we 
may formulate the association-unit theory as a logi- 
cal triangle of three interrelated propositions: (1) 
Vegetation is made up of units, the associations, 
which are real because (2) their unity is intrinsie 
and dynamic, based upon necessary relations among 
species, with the result that (3) species are distrib- 
uted in terms of the units, so that similarity of dis- 
tributions of associated species and correspondence 
of their distributional limits with the boundaries of 
associations may justify statement (1). 

In all three points such a formulation is in con- 
trast with the individualistic hypothesis. The point 
which is most directly subject to controlled research 
is the third. Choice between the two conceptions 
may rest primarily on the decision as to whether or 
not analysis of natural communities reveals them 
to be units of species having closely similar distri- 
butions. The individualistic hypothesis may be re- 
jected if organization of groups of species into 
bounded units appears generally in their distribu- 
tions. Evidence may also be considered for the first 
point: whether or not vegetation samples taken by 
unprejudiced means fall into clearly defined units 
which are homogeneous within themselves. For the 
second point, it may be unnecessary to argue whether 
or not the web-of-life should imply dynamie organi- 
zation of species into units when research can reveal 
whether or not it actually does so. 

It has not proved possible to establish the existence 
of associations as natural units by statistical means 
(Clapham 1936, Ashby 1948, Curtis & MelIntosh 
1950, Goodall 1952, 1954a). The present research 
was undertaken with the assumption that existence of 
“real” or “natural” vegetation units could be estab- 
lished in two ways: First, by gradient analysis which 
revealed the natural distributional groups of species, 
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second, by study of random samples which should 
fall into relatively homogeneous and discontinuous 
groups. Results are recounted in Part I: Species are 
not organized into distributional units, and stands and 
vegetation types are for the most part continuous 
with one another. Although limited clustering of 
species and limited vegetational discontinuity are 
suggested, the degree of approach toward these con- 
ditions of natural units is slight. The Smokies 
sample is a limited one; but stand tables compiled 
by Braun (1950: 53, 62, and 64; 83, 95, 97, 139, 167, 
191, 219, 221, 311) suggest that the phenomena of 
species individuality and stand continuity may be 
generally valid in the eastern forests. Especially the 
concurrent, independent studies of Curtis and _ his 
associates in the widely different conditions of Wis- 
consin forests (Curtis & MeIntosh 1951, Brown & 
Curtis 1952) indicate that these phenomena are not 
peculiar to the Great Smoky Mountains. 

A conception of vegetation quite different from 
‘that of a mosaic of natural units may be suggested. 
Vegetation forms a complex population pattern in 
relation to environment. In this pattern species (of 
green plants, at least) distribute themselves “indi- 
vidualistically”; they oceur together wherever their 
distributions overlap, and associate and dissociate 
freely in space and in evolutionary time (Mason 
1947). Neither in time nor in space does a species 
occur in terms of associations, but where it may— 
where at a given time some combination of genetic 
and environmental possibility for that species is 


realized in one of its populations. In relation to the 
population pattern of vegetation, outlines of species 


distributions are most varied and centers are well 
scattered. Most population distributions take the 
form of tapered curves, and the pattern is largely 
continuous. Because of environmental interruptions 
and some relative discontinuities inherent in vege- 
tation itself, the pattern may also be considered a 
complex mixture of continuity and relative discon- 
tinuity. In this it is important to recognize that 
continuity which does exist, rather than overlooking 
it in an emphasis of “natural” units. It is not in- 
frequently the case that approaches based on the 
study of continuity and relation are more productive 
of understanding than those which treat an object 
of study in terms of units, assuming discontinuity 
or self-sufficiency of these. 

THE DistRIBUTIONAL Basis oF COMMUNITY-TYPES 

GRADATION AND THE GROUPING OF SPECIES 


When population curves of species are drawn to- 
gether along a gradient (Whittaker 1951, Fig. 1; 
1954b, Fig. 3), the resulting picture is not one of a 
series of associations marked off from one another, 
but of a pattern of curves flowing into one another, 
a continuum of populations. This vegetational char- 
acteristic of continuous change in proportions of 
populations along an environmental gradient may be 
thought a fundamental and general condition, and 


termed gradation. The forests of the Smokies form 
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a complex, gradating pattern of populations, within 
which a number of vegetation types may be recog- 
nized. According to the conception developed here, 
the types recognized are “arbitrary” rather than 
“real” or “fundamental” units. Nevertheless, a major 
problem in the interpretation of community-types 
remains: How are these types to be understood in 
terms of the distributions of species populations? 

Certain vegetation types (see Part III) are de- 
fined by a single dominant species—Tsuga canaden- 
sis, Fagus grandifolia, Pinus virginiana, P. rigida, 
P. pungens, Abies fraseri, Picea rubens. These are 
easily recognized and defined as types, and they ap- 
pear essentially constant in floristic composition with 
regard to dominant species according to the associa- 
tion definition of Nichols (1923). They may conse- 
quently appear at first glance to be truly distinct 
and homogeneous community-types (consociations in 
American usage). It has been shown, however, that 
these types are heterogeneous in undergrowth compo- 
sition and intergrade continuously with other types. 
Other vegetation types are defined by a pair of domi- 
nant species. Thus Castanea dentata shares domi- 
nance with Quercus prinus in some _ low-elevation 
stands, but with Q. borealis or Q. alba in other, high- 
elevation stands. Castanea and the three oaks are 
quite differently distributed in the vegetation pat- 
tern; and they define vegetation types not by a high 
degree of “association,” but simply by distributional 
overlap in relation to environmental gradients. 

Within gradating vegetation the area of dominance 
of a single species, or the area of overlap of two 
dominant species, may be used to characterize part 
of the vegetation pattern and define a community- 
type. Gradation within the types thus defined and 
between them and other types implies that these 
community-types are neither truly homogeneous nor 
discrete. It should be understood that definition of 
community-types by one or two dominant species 
represents an ecologist’s choice of a single criterion 
of vegetation by which stands otherwise relatively 
heterogeneous can be grouped. 

A more general problem in the interpretation of 
community-types is the grouping of several or many 
species which are to be considered “associated.” The 
wide ranges and genetic complexities of some species, 
discussed in the preceding section, render such group- 
ing difficult. Widely distributed species normally 
consist of diverse ecotypic populations, and often of 
some numbers of ecotypes partially discontinuous 
with one another. Such species, when they occur in 
different habitats with different sets of associates, may 
presumably be grouped with each of their sets of 
associates (e. g. Castanea dentata with the three oak 
species). A species may in this sense “belong” to two 
or more associations or other community-types in 
which its ecotypie populations occur. 

The traditional means of grouping species is by 
the limits of their distributions (Transeau 1905, 
Hultén 1937, Bocher 1938, Meusel 1939, Raup 1947). 


Useful as limits of distribution may be for some 
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inds of ecological analysis, they cannot easily be 
in ta) . . . 
determined for binomial curves which taper continu- 


ously from searcity to absence. While arbitrary 


limits can be defined in the tails of the curves, these 
limits may still not effectively indicate the relations 
of species to one another. Populations with similar 
distributional outlines may be important in different 
parts of their common area; along the gradients their 


distributions may be differently skewed. 

If maximum populations of two species appear in 
the same habitats, however, these species appear 
associated even if their distributional limits differ. 
Since these species usually occur together when they 
are sufficiently abundant to characterize stands, their 
“association” (in this distributional rela- 
tion) is the basis of our subjective recognition of an 
“association” (an abstract stand-type). Association 
of population-types (species, ecotypes, etc.) may be 
defined for some purposes by coincidence of popula- 
tion centers in relation to environment. 
ciation is, clearly, relative. There are all degrees of 
association and non-association, from species with 
quite similar distributions (Tsuga canadensis and 
Magnolia fraseri), through those with distributions 
related along one gradient but different along an- 
and Quercus 


sense of 


Such asso- 


other gradient (Castanea dentata 
prinus), and those with distributions overlapping 
only toward their limits, to those which do not occur 
together. 

The appropriate measure for locating 
tional centers of populations is the mode. The mean 
may also be used to express the average environ- 
mental adaptation of a relatively homogeneous popu- 
lation. But the mean may be difficult or impossible 
to determine for skewed or bimodal distributions and 
those which are cut short by absence of more extreme 
habitats into which they might extend in an area. 
If the mode is the datum to be used, associated popu- 
lations are those with their modes near the same loca- 
tion along the gradients of environment. Species 
(ecotypes, ete.) having their modes close together 


distribu- 


may be described as commodal, and a group of spe- 
(ete.) related by the approximation of their 
modes in relation to environment may be designated 


cies 


a commodium.* 

The commodium is proposed as a conception of 
distributional association and as a term which may 
be applied to any grouping of plants or animals in 
natural communities by the location of their popula- 
tion centers. The groupings of species in the present 
work may illustrate the concept. The “classes” of 
trees are groupings in relation to the moisture gradi- 
ent of species with quite different distributions in 
relation to the elevation gradient. The grouping was 
accomplished by (1) grouping together species of 
narrower amplitudes whose population centers oe- 
curred in the same span of the moisture gradient, 
(2) use of the location along the moisture gradient 
of maximum population levels of widespread species 


* Latin con, together, plus modus, in the sense in which it 
has entered statistics. 
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(e. g. Acer rubrum) to group these with species of 
rarrower amplitudes, and (3) grouping of bimodal 
populations (e. g. Halesia mouticola) by their major 
population centers only. As distribution groupings 
arbitrarily defined in relation to a single gradient, 
these classes correspond to the ecological groups of 
Ellenberg (1950, 1952, ef. the biological plant types 
of Iversen 1936). 

Plant associations, when defined by several species, 
are best conceived as commodia of character-species, 
or of dominants. The association in the sense of the 
school of Ziirich-Montpellier (Braun-Blanquet 1921, 
1951) is normally defined by a group of character- 
species, Which have narrow ecological amplitudes and 
are largely restricted to, or at least centered in, a 
given association. Since the species of high Treue- 
grad, or degree of fidelity, to the association are those 
having their modes within the association, the char- 
The “char- 
acteristic species composition” of an association in 
the sense of Braun-Blanquet (1951:108) comprises 
these character-species, plus other species of wider 
amplitudes Begleiter) which have 
ecotypic populations reaching constancy levels of 60% 
or more in the stands chosen to represent the associa- 


acter-species form a commodal grouping. 


(companions or 


tion. It is probably not necessary for success of the 
method that the character-species groupings represent 
natural clusters. The distributional individuality of 
species and the scattering of their modes should im- 
ply considerable freedom in the recognition of char- 
acter-species groupings and in the corresponding 
definition and delimitation of associations. 

The associations of American authors (Clements 
1928, Weaver & Clements 1929, Oosting 1948, Braun 
1950) are in general based on very broad groupings 
of dominant species. In some cases (Quercus-Carya, 
Quercus-Pinus Associations) the species grouped to- 
gether are so widely different in ecological relations 
and geographic distributions that some dominants of 
the association may not occur together in the same 
stands. It is in general impossible to define the 
American associations quantitatively through their 
species composition (Braun 1950:11). They may be 
interpreted, however, as very loose commodal group- 
ings of dominant species, at least some of which are 
sufficiently related distributionally to be important 
in the same stands. 

The distributional groupings used in the present 
paper are considered primarily “arbitrary”; it is be- 
lieved that they are not, for the most part, based on 
natural clusters of species which are clearly sepa- 
rated from one another in the field. The same may be 
said for the grouping of character-species or domi- 
nants into associations in general; such grouping is 
possible without any assumption of discontinuity be- 
tween species-groups or vegetation types. It has also 
been suggested that a degree of natural clustering of 
species in natural communities may sometimes exist. 
In relation to the theory of community-types it 
should be observed that such relative clustering is in 
no way inconsistent with either the individualistie hy- 
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pothesis or the frequent continuity of types with one 
another. Whether some associations already recog- 
nized are supported by natural clustering would seem 
a matter for research, rather than assumption. For 
the present, the “commodal” conception provides a 
means of grouping species in vegetation analysis and 
the definition of community-types without assuming 
natural clustering which cannot now be demonstrated. 
ZON ATION 

Most of the vegetation pattern of the Great Smoky 
Mountains is one of continuous gradation; but cer- 
tain relative discontinuities in the pattern are also to 
be recognized. Some of these, as the edges of burns 
and old fields, are products of disturbance. Others 
appear as interruptions or telescopings of the gra- 
dation where there are environmental discontinuities, 
as along sharp ridges. A few vegetation types of the 
Smokies, however, are separated from the rest of the 
pattern by more abrupt transitions not produced by 
environmental discontinuity. 
characteristics of these relatively discon- 
tinuous types may suggest their meaning. It may 
first be observed that they are types strongly domi- 
nated by one (or two) species. The beech gap forests, 
which are relatively discontinuous with the cove for- 
ests below them, are dominated by Fagus grandi- 
folia. The grassy balds, separated from surrounding 
forests by a shrubby forest-edge, are dominated by 
mountain oat (Danthonia compressa). The 
subalpine forests, which may be interpreted as a 
zone above the deciduous forests, are dominated by 
Picea rubens and, at higher elevations, Abies fraseri. 
In’ the heath balds, which may be abruptly separated 
from the subalpine forests, one or two of several 
major shrub species dominate a given stand. 

Transect data are available for the distributions of 
species in two of these relatively discontinuous types. 
The distribution of gray beech (Fagus grandifolia) 
in relation to elevation (Fig. 13) shows a “plateau” 
distribution, in which the species strongly dominates 
some stands above 4600 ft, but is rather sharply 
limited between 4600 and 4400 ft. In the coniferous 
zone of high elevations, Picea and Abies 
fraseri appear to have ordinary, tapered curves in re- 
lation to elevation; no tendency toward plateau dis- 
tribution has been established for these two species. 
The relative discontinuity is in this ease between 
growth-forms; grouping all deciduous and all conifer- 
ous species together, the subalpine forests form a 
coniferous zone which is relatively discontinuous with 
the deciduous cove forests (but not with the hemlock 
forests) below them. These “zones” are thus char- 
acterized by plateau distributions of a species popula- 
tion or a growth-form along one gradient which has 


Some 


grass 


rubens 


been studied. 

The discontinuous types of the Smokies are mostly 
characterized by dominant growth-forms differing 
from the predominantly deciduous forests. The rela- 
tively discontinuous types include grassland com- 
munities (grassy balds), evergreen shrub communi- 
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Fig. 13. Distributions of plant populations in rela- 
tion to ‘‘zones.’’ Above—the transition from cove for- 
ests below 4500 ft to mesie spruce-fir forests above, 
based on composite transect data. Zoned distribution of 
evergreen and deciduous growth-forms relative to one 
another: a, all deciduous, broad-leaved trees; b, all ever- 
green, needle-leaved trees (Picea rubens, Abies fraseri, 
and, below 4700 feet, Tsuga canadensis); e, Picea ru- 
bens; d, Abies fraseri. Distribution of other species in 
relation to the transition and spruce-fir forests: e and e’, 
Betula allegheniensis and B. lutea; f, Acer spicatum; 
g, Cornus alternifolia; h, Amelanchier laevis; i, Vi- 
burnum alnifolium (estimated coverage percents); j, 
Sorbus americana. Below—the transition from  eove 
forests below 4500 ft to gray beech forests above, based 
on a field transect in Trillium Gap. Zoned distribution 
of gray beech relative to other tree species: a, major 
mesic tree species (Halesia monticola, Betula allegheni- 
ensis, Aesculus octandra, Tsuga canadensis, Acer sac- 
charum, Tilia heterophylla, Fraxinus americana, Lirio- 
dendron tulipifera); b, red, and ¢, gray populations of 
beech (Fagus grandifolia). Distribution of other spe- 
cies in relation to the transition: d, Betula allegheni- 
ensis; e, Cornus alternifolia; f, Aesculus octandra; g, 
Acer spicatum; h, Prunus serotina, 
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ties (heath balds), and coniferous forests (spruce-fir 
zone). The gray beech is a deciduous tree, but differs 
from many of the cove forest trees in its small stature 
and manner of reproduction. At a contact between 
different dominant growth-forms, such as that of the 
grassy balds and forests, environmental conditions 
related to dominance of one growth-form may largely 
prevent individuals of the other from establishing 
themselves. The two dominant growth-forms may 
thus, in some eases, replace one another abruptly 
‘ather than forming mixed stands along a wide span 
of the gradient. Because stands of mixed dominance 
are limited, the two growth-forms appear, in human 
interpretation, relatively “incompatible.” 

The relation of the relatively discontinuous types 
to the gradients is of interest. All are types of high 
elevations; and the two which are most clearly dis- 
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continuous, the heath bald and grassy bald, are types 
both of high elevations and of most exposed situa- 
tions. To these observations may be added 
graphie ones. In eastern North America, well-defined 
zones seem more North 
than of more temperate climates; and in the West, 
zones are more apparent in some more arid regions 
Zones, we 


geo- 


characteristic of the Far 


than in the mesophytice coastal forests. 
may think, are more characteristic of those condi- 
tions interpreted by ecologists as “extreme.” A con- 
verse interpretation must be rejected; it is by no 
means generally true that community-types of more 
extreme environments are discontinuous with one 
another. The data of M@glholm Hansen (Hansen 
1930) for the vegetation of Iceland offer some of 
the most impressive evidence of vegetational econ- 
tinuity available (see also Ostenfeld 1908, Cooper 
1942). 

The term zone has been variously applied to vege- 
tation, but often with the implication that relatively 
discontinuous belts of vegetation could be reeognized 
along a gradient. For present purposes a zone will 
be defined as a vegetation type dominated by a spe- 
cies (or growth-form) possessing a plateau distribu- 
tion, and consequently relatively discontinuous in at 
least one observed contact with another vegetation- 
type along a presumably continuous gradient of “pri- 
mary environmental The condition of 
zonation, or partial discontinuity of types, may thus 
be distinguished from the continuous gradation al- 


factors. 


ready discussed. Evidence discussed above suggests 
these interpretations of the condition of zonation: 

1. Under some conditions plant communities are 
“simpler” or of limited species-diversity; this is true 
especially of some successional communities and those 
of some environments interpreted by ecologists as 
“extreme” or “unfavorable.” In contrast to the mixed 
dominance of many communities in “favorable” en- 
vironments, these communities are often dominated 
strongly by one or two species; and the dominants of 
adjacent community-types are more often of different 
growth-forms. 

2. Populations of dominants of these communities 
may have “plateau” distributions in relation to a 
given environmental gradient, and the communities 
may consequently appear relatively discontinuous 
with other communities. 

3. Contrast of dominant growth-forms between com- 
munities may steepen and render more obvious the 
relative discontinuity between them. “Zones” which 
are not definable by discontinuity of species popula- 
tions may sometimes be defined by relatively abrupt 
change in dominant growth-forms. 

4, Zonation is not a general characteristic of vege- 
tation; it is a special and local condition which some- 
times results from the manner in which a species is 
distributed, or from a contrast in dominant growth- 
forms, or both. Neither single-species dominance, nor 
contrast in dominant growth-forms, nor occurrence 
in “extreme” environments, nor any combination of 
these necessarily implies vegetational discontinuity— 
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of the xeric, pine 


as is illustrated by the continuity 
with 


forests of the Smokies with one 
deciduous forests. 

Since zones are relatively discontinuous, they con- 
form better to traditional distinet eom- 
munity-units than do the types recognized in con- 
Evidence on the na- 


another and 


ideas of 


tinuously gradating vegetation. 
ture of zones as vegetation units may be considered 
in terms of four types of questions: (1) How sig- 
nificant is the boundary as a population disconti- 
nuity, what part of the species populations of the 
zone are limited by it? (2) To what extent are spe- 
cies of a zone restricted to that zone, not oceurring 
elsewhere with different associates? (3) To what ex- 
tent is the zone homogeneous, or to what extent does 
gradation oceur within it? (4) To what extent does 
the zone intergrade with other communities along 
gradients other than the one on which discontinuity 
has been observed—is the zone bounded in all diree- 
tions, or only in one observed direction? 

When we examine the zones in the 
terms of (1), we find the ericaceous dominants of the 
heath balds ranging extensively into forest types, 
and most forest species ranging through the bound- 
ary between cove forests and other types below, and 
beech and spruce-fir forests above, 4500 ft. The for- 
est-edge of the grassy balds seems more effective as a 
discontinuity and limits some of the species, but by 
no means all of them. Very few species are restricted 
zone as asked in (2). Gray beech and spruce 


Smokies in 


to a 
and fir are (since the zones are defined by their dis- 
tributions) ; and some undergrowth species are re- 
stricted to the high elevations of these forests. No 
species is restricted to the heath balds (Cain 1930b), 
and apparently all species of the grassy balds except 
the introduced weeds occur also in forests. Zones are 
not homogeneous, but show the gradation of (3) 
within themselves. A marked elevation gradation ap- 
pears in the heath balds (Cain 1930b and below); 
the grassy balds are not homogeneous and appear to 
intergrade with sedge balds (Wells 1937). Grada- 
tion within the gray beech and spruce-fir forests is 
described elsewhere (Parts I & III). 

Finally, according to (4), it may be observed that 
zones defined by their boundaries in one direction 
gradate into other vegetation in other directions. 
Continuity of the gray beech forests along the mois- 
ture gradient with high-elevation oak-chestnut forests, 
which in turn are continuous with the rest of the 
pattern of deciduous and pine forests, has been indi- 
cated. The gray beech discontinuous with 
other deciduous forests in one contact only. The 
heath balds appear to gradate into oak-chestnut 
heath at lower elevations, although no transect data 
are available on this transition. The spruce-fir for- 
ests of the Appalachians gradate northward into the 
different spruce-fir forests of Canada (Oosting & 
Billings 1951). 

“Zones” should not be taken for granted as ideal 
vegetation units, nor should their existence be inter- 
preted as evidence that vegetation in general consists 


zone is 





t 


of well-defined units. As the plateau distributions 
by which zones are here defined may be regarded as 
modifications of the more general binomial form, so 
modification of the 


zonation may be regarded as a 
general condition of vegetational gradation. Grada- 
tion oceurs within the zones but is steepened between 
them; and apparent zones are to varying degrees de- 
finable by plateau distributions—some not at all, 
while others have poorly defined or well-defined pla- 
teau distributions. Zonation may be interpreted, not 
as a state apart from gradation, but as a tendency, 
more or less developed under some circumstances, 
segmentation of the 


toward partial or apparent 


fundamental vegetational continuum. 
ECOTONES 
Transitions between vegetation types have usually 
been called “ecotones” by English-speaking ecologists. 
Like the term “zone,” “ecotone’”’ has been widely and 


loosely used, with little attention to what distribu- 
tional phenomena were involved. In gradating vege- 


tation, an ecotone is any part of the pattern which an 
ecologist chooses to regard as transitional between 
other parts. For the purposes of the present paper, 
transitions between types reeognized in gradating 
vegetation will be termed simply “transitions”; and 
the term “ecotone” will be applied only to the rela- 
tive discontinuities bounding zones. 

If the bouridaries of zones are relative discontinui- 
ties, they should be demonstrable as such by suitable 
quantitative methods. The data for the gray beech 
zone offer a test of this possibility. Percentage dif- 
ference (Odum 1950, Whittaker 1952) may be used 
as an approach to rate of change of plant popula- 
tions between stands sampled at fixed intervals along 
Comparing successive stand 
counts taken at 200-ft intervals in a field transect 
from cove forest up into a beech gap (Whittaker 
1948, Appendix B, table 6) vields percentage differ- 
ences for 2600 and 2800 ft, 2800 and 3000 ft, ete., 
of 34, 19, 35, 33, 6, 41, 17, 29, 33, 77, 7, 2, 6. The 
difference of 77% is for the interval 4400-4600 ft 
and expresses the change of dominance between gray 
beech and the cove forest species in these elevations. 
The apparent discontinuity in this transect may be 
environmental change 


the elevation gradient. 


sharpened, however, by an 
from V-shaped ravine to concave “gap” in the same 
elevations. Applying the measurement to the com- 
posite transect (Table 5) and grouping samples for 
400-ft intervals gives values for 1800 and 2200, 2200 
and 2600 ft, ete., of 40, 42, 46, 28, 40, 50, 62, 30, 23. 
The difference of 62% is for the interval 4200-4600 
ft and may be contrasted with the less rapid change 
of populations indicated by the values for higher 
elevations, within the gray beech zone. 

These percentage differences are strongly influ- 
enced by irregularity in the distributions of popu- 
lations (ef. Whittaker 1952). Because of the wide 
fluctuation of these values in other 
which they have been computed, it is believed that 
such measurements do not yet provide a reliable and 


transects for 
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objective means of defining ecotones. As a supple- 
ment to the demonstration of a plateau distribution 
of gray beech, however, the percentage differences 
may support the interpretation that there is a rela- 
tively steeper rate of change in those populations to 
which the measurement has been applied in the ele- 
vation interval on each side of 4500 ft. Considered 
together with the fact that most populations occurring 
on either side of the ecotone extend through it, the 
percentage differences may further emphasize that 
this is a relative discontinuity only. 
has often been assigned the major 
producing discontinuities between natural 
communities (Cajander 1909, 1925; Elton 1947; 
Allee et al. 1949: 476-8), and these discontinuities 
have been regarded as “tension zones” between com- 
peting communities. A cases of mutual exelu- 
sion have been observed among animal species, when 


Competition 
role in 


few 


pairs of species which are ecological equivalents come 
in contact (Beauchamp & Ullvott 1932, Hairston 
1951). It seems clear from the transect data of the 
present study that the change from one vegetation 
type to another is not in general a matter of mutual 
exclusion of species. Only in the case of the grassy 
balds is there evidence that one dominant growth- 
form occupies the environment to the near exclusion 
of the other. Competition among plants occurs as 
much in the stands on each side of the ecotone as in 
the ecotone itself, and it seems difficult to conceive of 
a fundamental difference in the character of ecompeti- 
tions among plants in stands which are interpreted as 
ecotonal or transitional and in those which are not. 
Neither should the ecotone be interpreted as 
line or 


‘ 


boundary between two communities and a 
tension zone along which the two are in competition 
as communities. Natural communities.do not form 
many species bound together by obligate 
can meet and 


units of 
relations, integrated wholes which 
compete as wholes. Examination of species distribu- 
tions in transects is revealing in this respect. Species 
populations show in relation to the ecotone between 
cove forest and gray beech forest the same individu- 
ality of distribution which is demonstrated through- 
out the vegetation pattern. Species also respond va- 
riously to the forest-edge of the grassy balds. In this 
case the abrupt change of physiognomy implies a 
strong telescoping of gradients of light, evaporative 
conditions, ete. Plant populations which extend into 
or through the ecotone respond individualistieally to 
the very steep gradient of environments-within-com- 
munities in the forest-edge. Some extend different 
distances into or through the ecotone; others have 
population modes within the ecotone. 
Phytosociologists recognizing the extent of gradual 
transition between community-types have tended also 
to regard the transitions as community mixtures. 
There seems to be no sense in which the ecotones are 
mixtures in which the communities on each side of 
them are not also mixtures. Ecotones are not simply 
intermediate between the stands on each side of them 
(cf. Odum 1953:207 on “edge effect”). A union or 
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commodium of species centered in or near the eco- 
tone is illustrated for the transition from cove forest 
to mesic spruce forests (Fig. 13); and a related com- 
modium appears between cove forest and gray beech 
forest. Several woody species appear in the forest- 
edge between deciduous forests and grassy balds. No 
such grouping appears between subalpine forest and 
heath bald, although Sorbus americana may have an 
ecotonal mode there. These ecotones are characterized 
by smaller woody species; and another grouping of 
shrubs and small trees appears in the Smokies, the 
submesie commodium between cove forests and oak- 
Species of the three transitional 


chestnut forests. 


commodia which are best developed are: 


Eecotonal-mesie union 
Betula lutea 
Acer spicatum 


Acer rubrum 
Amelanchier laevis 


Amelanchier laevis 
Viburnum alnifolinm 


Cornus alternifolia 


Rhododendron calen- 


dulaceum 


Vaccinium constablaei 
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Grassy bald edge 


Betula lenta 
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and of a distinet biotie community with its own 
physiognomy and characteristic bird species. Ken- 
deigh (1948, 1954) has shown that a characteristic 
assemblage of bird and mammal species occurs in 
part a 
Many 


the forest-edge, and considered this as in 
stabilized biotic community-type (biociation). 
ecotones may be regarded as community-types in 
their own rights by any of the traditional criteria— 
character-species, dominant species, total species com- 
position, physiognomy, and_ stratal structure and 
stratal dominance. 

In the occurrence of gradation within them and, 
so far as is known, in the manner in which “com- 
? desig- 


petition” operates within them, communities 


Submesice union 

Betula lenta 

Acer pensylvanicum 

Acer rubrum 

Amelanchier arborea 

Viburnum acerifolium 

Cornus florida 

Rhododendron calendu- 
laceum 


Vaccinium constablaei 


Lyonia ligustrina 


Crataegus macrosperma Vv. 


roanensis 


Rubus canadensis 


Salix spp. 


Some of the species of each group are centered in 
the transition, far occurrence within the 
Smokies is concerned; the transitions thus have their 
own character-species. Other species appear to link 
these transitional groupings, in the sense that they 
have populations centered in more than one of them. 
Certain genera of shrubs and smaller trees are espe- 
cially characteristic of the ecotones in the Smokies, 
and apparently also. The transitional 
groupings also share species with seral communities; 
Betula lenta and B. lutea, Acer rubrum, Amelanchier 
laevis, and Rubus canadensis are major successional 
species in the Smokies, and some others listed occur 
in seral stands. All the species listed, except some of 
those of the grassy-bald edge, occur also as under- 
zrowth species in climax forests beyond the influence 
of the eeotones. The ecotones are thus populated in 
part by “versatile” species which have ecotypic popu- 
races) in a wide variety of 


sO as 


elsewhere 


lations (or apomictie 
habitats. 

It was observed by Gleason (1926) that 
species tend to colonize transition zones more freely 
than either contiguous association so that, measured 


some 


by component species, such a transition zone is almost 
an independent association. In studying the decidu- 
ous chaparral of the Wasatch Mountains, Hayward 
(1948) observed that this has properties both of an 


ecotone between desert scrub and montane forest. 


Pyrularia pubera 
Tlea 
Calycanthus fertilis 


montana 


Ceanothus americanus 


nated as ecotonal do not differ fundamentally from 
communities not ecotonal. “Transi- 
tion,” “boundary,’ and “mixture” 
represent human attitudes or interpretations imposed 
on vegetation. It that ecotones and 
transitions are not phenomena distinct and different 
from communities, and that no “ecotonal principle” 
of the general occurrence of distinet boundaries be- 
tween communities (Allee et al. 1949:476) is actu- 
ally known to ecologists. In the sense of the present 
paper, “ecotones’” are communities and parts of the 
whole vegetation pattern in which the gradation oc- 
curring throughout the pattern is relatively steeper 
at the limits of a few of the recognized community- 
types, those interpreted as “zones.” 


as 


designated 
’ “tension zone,” 


is suggested 


CLIMAX PATTERNS AND THEIR COMPARISON 


It has been indicated that undisturbed vegetation 
in the Smokies is in a self-maintaining or climax 
condition at all points along the moisture gradient 
(Part I). Recent death of the chestnuts has unbal- 
anced many stands and set in motion changes in their 
composition, but there is no evidence that vegetation 
of these mountains is converging toward a climatic 
climax (Whittaker 1951). According to the climax 
theory as stated by Clements (1916, 1928, 1936; Phil- 
lips 1934-5, Cain 1939, Braun 1950), the cove forests 
and pine forests of most mesic and xerie sites in the 
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Smokies might be regarded as postclimax and pre- 
climax, respectively. Oak-chestnut forests, occupying 
many of the lower slopes of the mountains, might 
then be interpreted as climatic climax. Alternatively, 
by the polyclimax theory (Nichols 1917, 1923; Tans- 
ley 1935), the five types distinguished along the 
moisture gradient at low elevations are so many poly- 
climaxes. Of these oak-chestnut forest would pre- 
sumably be designated climatic climax and the re- 
mainder physiographic or topographic climaxes. 

In the present study these five types are regarded 
not as discrete associations but as parts of a single 
vegetation continuum. If stands at all points along 
the gradient are accepted as self-maintaining, and 
therefore climax in this sense, the continuum itself 
should be regarded as the climax. Rather than a 
single climatic climax or set of polyclimaxes, climax 
vegetation in the Smokies comprises a whole vege- 
tation pattern ranging from cove forest to pine forest 
along the moisture gradient and from these low-ele- 
vation types to spruce and fir forests in one part 
of the range and to other deciduous types in the 
other part of the range at high elevations. 

In such conditions as those of the Smokies, the 
pattern of vegetation along the moisture gradient 
provides a reasonable description of climax vegeta- 
tion in a given elevation belt. Through the mvisture- 
gradient patterns (and the transect data representing 
them), composition of vegetation at different eleva- 
tions may be compared. Population levels of species 
can be compared from one elevation to another; thus 
the changing role and importance of hemlock at 
different elevations may be revealed (Fig. 15). Within 
the climax pattern for a given elevation, relative im- 
portance and relative position along the moisture 
gradient of species may be compared. When differ- 
ent climax patterns are compared, statements may 
be made about the relative importance of a given 
species population or community fraction in different 
patterns, relative importance of growth-forms or 
life-forms in different patterns, relative variety of 
species or of dominants in different patterns, relative 
extent of change in composition from most mesic to 
most xeric sites in different patterns, etc. Some of 
these possibilities may be illustrated in the following 
statements on climax composition in the Great Smoky 
Mountains: 

1. The climate of low elevations (1500-2500 ft) is 
a deciduous forest climate, as expressed in composi- 
tion of climax stands. Deciduous trees form 73%, 
hemlock 14%, and pine species 13% of total canopy 
stems in the low-elevation moisture-gradient transect 
(Whittaker 1951, table 3). 

2. The climate of high elevations (4500-5500 ft) 
in the northeastern half of the range is a coniferous 
(taiga) climate. Two abietine dominants, Picea ru- 
bens and Abies fraseri, make up 87% of canopy 
stems in the sample, deciduous trees only 13%. To- 
ward still higher elevations the deciduous trees de- 
cline to 7 per cent (5600-6100 ft) and 1% (6200-6600 
ft) of canopy stems. In the southwestern half of the 
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range, however, a pattern in which deciduous broad- 
leaved trees form 100% of canopy stems oceurs at 
elevations between 4500 and 5500 ft. 

3. Major climax tree species at low elevations are, 
in order of over-all importance with percentages of 
canopy stems for the whole transect (Whittaker 1951, 
table 3): Quercus prinus 14, Tsuga canadensis 14, 
Castanea dentata 13, Quercus borealis v. maxima 6, 
Pinus virginiana 6, Acer saccharum 4, A. rubrum 4, 
Tilia heterophylla 4, Pinus rigida 4, Liriodendron 
tulipifera 4, Pinus strobus 3, Aesculus octandra 3, 
Quercus alba 3, Carya glabra 3, Halesia monticola 
2, Betula allegheniensis 2, Quercus coccinea 2, Carya 
tomentosa 2. No other species is represented by more 
than 1 per cent of canopy stems. 

4. In contrast to these diverse stands of low ele- 
vations, composition of canopy trees at highest ele- 
vations, above 6100 ft, is simple: Abies fraseri 90, 
Picea rubens 9, and Betula lutea 1% of canopy stems. 
Undergrowths of these stands are varied, but in the 
canopy there is profound simplification in composi- 
tion from lowest elevations to highest. 

5. If a criterion is chosen for the oak-forest group- 
ing (all stands in which oaks plus other submesie 
and subxerie species make up at least 50% of stems), 
then 57% of the climax stands sampled at low ele- 
vations are oak forests, as defined. Among the same 
samples only 28% are oak-chestnut forests, if these 
are defined as all stands in which Castanea dentata 
and Quercus prinus form at least 50% of canopy 
stems. 

6. The relative importance of oak stands in the 
climax pattern decreases somewhat with elevation. 
For the elevation belts 1500-2500, 2500-3500, 3500- 
4500, and 4500-5500 ft outside the range of spruce, 
percentages of stands classified as oak forests were 
—57, 46, 44, and 41. The relative importance of 
mesophytic stands correspondingly increased—11, 28, 
41, 59—while that of pine stands decreased—32, 25, 
15, 1. 

7. Stand composition at the mid point of the mois- 
ture gradient may be determined—hby the middle sta- 
tion of the transect, by a “median” stand so chosen 
that half the samples have more highly mesie and 
half more highly xerie moisture-class formulas, or by 
percentage-similarity comparison with stands repre- 
sentative of the extremes of the gradient. More com- 
plicated means of finding an “elective mean” in a 
multi-dimensional pattern are described by Ramensky 
(1930). The three techniques mentioned give equiva- 
lent results in the Smokies. Using the first as the 
simplest, intermediate stands at different elevations 
are: stands dominated by Quercus prinus at 1500- 
2500 feet, stands in which Q. prinus and Castanea 
dentata share dominance at 2500-3500 ft, and stands 
in which C. dentata and Quercus borealis share domi- 
nance at 3500-4500 ft. More limited data for high 
elevations give stands in which C. dentata and Q. 
borealis share dominance (45 and 40% of canopy 
stems), with Acer rubrum, Halesia monticola, and 
Fagus grandifolia as major subordinate species. 
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Moisture-class formulas (Mesies: Submesies: Sub- 


xerics: Xerics) change in a manner which indicates 
increasingly mesic conditions for these intermediate 
stands toward higher elevations—2 :50:46:2, 4:57: 
98:1, 5:70:23:1, 15:73:12:0. 

Three quantitative approaches to the “climatic cli- 
max” may be recognized in the above statements. 
Numbers 1 and 2 define the over-all character of ¢li- 
max vegetation in terms of dominant growth-forms. 
Numbers 3 and 4 may also express the over-all, cli- 
matic character of the vegetation in terms of “aver- 
different elevations. 
which the 
given ele- 


age climax composition” for 


Number 5 determines the stand type to 
largest proportion of climax stands at a 


vation belong; number 6 describes the differing rela- 
tive importance of types at different elevations. It is 
suggested that the tvpe to which the majority of 
climax stands in an area belong be termed the “pre- 
vailing climax type’ as an approximation to the 
climatic climax, but with no implication that types 
other than the prevailing are not also climax. The 
fact that recognition of a prevailing climax type is 
contingent on the subjective delimitation of types 
should be evident. At high elevations in the north- 
eastern Smokies a prevailing climax type is easily 
recognized in the spruce-fir forests; at low elevations 
it seems of much more limited meaning to describe 
the oak-chestnut forest as a prevailing type. Finally, 
number 7 defines an “intermediate climax stand” to 
which other stands are presumably more or less post- 
climax or preclimax in Clementsian nomenclature. 

Complications in the definition of average climax 
composition, prevailing climax type, and intermediate 
climax stand in other areas may be evident. Their 
recognition in the Smokies was much simplified by 
the mature and stream-eroded topography, absence of 
hydric sites and near-absence of primary succession, 
lack of contrast in parent materials, and existence of 
extensive undisturbed stands. Where it is possible to 
use them, they offer quantitative, definable abstrac- 
tions from the climax pattern in place of the more 
subjective “climatic climax.” They permit quantita- 
tive comparisons of climax patterns which are scarcely 
possible on the basis of the climatie climax. As com- 
parison between patterns of different elevations was 
possible in the Smokies, so comparisons between dif- 
ferent soil parent-materials, different climates, ete. 
should be Their will be 
further illustrated below in drawing comparisons be- 
tween the Smokies and the related vegetation pattern 
of the Cumberlands. 

A further measurable property of climax patterns 
is that of diversity, in two senses—diversity or rich- 
ness in species of stands and the pattern as a whole 
(see also Part I), and diversity or variety of stand 
types occurring along the moisture gradient in the 
pattern. Measurement of species-diversity of pat- 
terns is possible through application of the alpha in- 
dex of Fisher et al. (1943) to the whole sample of 
tree stems included in the composite transect for a 
given elevation. Values derived are 7.4, 5.6, and 6.1 


possible elsewhere. use 
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for the elevation belts 1500-2500, 2500-3500, and 
3500-4500 ft, and 4.6 for deciduous forests above 
4500 ft. The tree stratum of the spruee-fir forests is 
much less rich in species, and the diversity values 
are 2.2, 1.3, and 0.7 for 4500-5500, 5600-6100, and 
6200-6600 ft. 

One approach to measurement of type diversity of 
a vegetation pattern is through percentage similarity. 
These values give some indication, necessarily subject 
( Whit- 
taker 1952), the extent to which community popula- 
tions differ in response to separation along environ- 
mental gradients. When cove forests and pine forests 
as extremes of the moisture gradient are compared, 
the percentage similarity is zero. An alternative 
means of comparing “ecological distances” along 
gradients is the determination of “half-changes.” If 
percentage similarities are measured between an ex- 


to sampling error, of “ecological distance” 


treme and successive points along a gradient, a point 
is reached at which the value is 50%. If this point 
is then used as a standard and further points along 
the gradient compared with it, a second point of 
50% change may be determined. The number of 
these “half-changes” occurring along a gradient may 
thus indicate the extent of change in species popula- 
tions along the gradient, for the particular stratum 
or group of organisms to which the measurement has 
been applied. Half-change, like half-life, may serve 
as a useful measurement along a curve without a 
sharp lower limit. From the nature of the data, the 
values obtained here must be very approximate. In- 
dicated numbers of half-changes along the moisture 
gradient are—7, 6.5, and 9 for 1500-2500, 2500-3500, 
and 3500-4500 ft. Computed in terms of moisture- 
balance classes rather than species composition, the 
values become 4, 4, and 5. 

Published data of Braun (1950) permit more 
limited application of these approaches to climax 
characteristics. Extremes of the pattern in the Cum- 
berlands are taken to be the sugar maple-basswood- 
buckeye forest (Braun 1950, table 2), and the oak- 
chestnut subclimax (Braun 1950, table 7) occurring 
on some of the driest slopes and ridges. Pine stands 
in the Cumberlands (Braun 1950, table 8) oceur only 
in special situations of rocky summits and sandstone 
outcrops. The following comparisons are possible: 

1, Average climax composition in the Cumberlands 
is approximated by the tabulation for Mixed Meso- 
phytie on all sites (Braun 1940a :237), although the 
sample is biased for this particular purpose by the 
exclusion of hemlock segregates. Average climax 
composition given above for low elevations in the 
Smokies was a mélange of species, some of which do 
not occur together. That for the Cumberlands is, in 
contrast, recognizable as a type, the Mixed Meso- 
phytic forest, though more highly mixed than individ- 
ual stands. 

2. Mixed mesophytie may also be regarded as the 
prevailing climax type in the Cumberlands, in con- 
trast to the prevalence of oak forests of various types 
at low elevations in the Smokies. 
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3. Percentage similarity comparisons with the ex- 
tremes suggest a stand of the chestnut-sugar maple- 
tuliptree segregate (Braun 1950, table 5) or corre- 
sponding drier mixed mesophytie (Braun 1950, table 
1B) as intermediate climax stand in the Cumber- 
lands, in contrast to the oak-chestnut intermediate 
climax of the Smokies. 

4. In composition and diversity the all-deciduous 
mixed mesophytie forest (Braun 1940a :237) is closely 
similar to the most highly diverse stands in the 
Smokies, those described as cove forest transition. 
Diversity conditions of stands in the two ranges ap- 
pear to be similar, although the samples are not 
strictly comparable. The sum of a set of tables which 
approximate a moisture-gradient pattern (Braun 
1950, tables 2, 1A, 5, 7, 8) gives a diversity value 
(5.5) seareely different from the 5.8 obtained for 
canopy stems at low elevations in the Smokies (Whit- 
taker 1951, table 3). 

5. Indieated half-changes along the moisture gradi- 
ent in this same set of tables are slightly more than 
2 in terms of species and approximately 2 in terms 


of moisture classes, if the pine stands of special sites 


are excluded. 

Comparing the vegetation pattern of the Cumber- 
lands with that of the Smokies, it may be said that 
the former is more clearly mesophytic in character 
and of comparable species diversity, but less diverse 


in terms of stand types along the moisture gradient. 
The Cumberlands pattern largely corresponds to the 
mesi¢ half of the Smokies pattern (cove forest, cove 
forest transition, and oak-chestnut forest), while the 
more xerie types of the Smokies (oak-chestnut heath 
and pine forest) are reduced in the Cumberlands to 
stands of special edaphic situations. The two climax 
patterns are thus related through a shift of relative 
emphasis of the mesophytic grouping and the oak- 
forest grouping. 

Such shift in relative importance of parts of cli- 
max patterns is further illustrated in Braun’s treat- 
ment of vegetation of the Southern Appalachians, the 
Ozarks, and the area between. Three regions are 
recognized from the Cumberlands west: a region of 
mixed mesophytie climax iy and around the Cumber- 
lands, a region of oak-hickory climax in the Ozarks 
and west and north from them, and between these 
the Western Mesophytie Region, regarded as eco- 
tonal, and forming “a mosaic of like and unlike cli- 
maxes” (Braun 1947). Of this last region Braun 
(1950 :123) writes, “In its eastern part, mixed meso- 
phytie forests are of frequent occurrence; westward 
they become more and more limited in extent and 
more closely dependent on very favorable habitat 

Because of the many mixed forest com- 
munities, and of the gradual change from east to 
west in extent of mixed mesophytie communities 
and in composition of forests, and of the increasing 
frequency of communities in which oaks are domi- 
nant, this is considered a transition region.” 

The deseription seems most expressive of grada- 
tion on a grand seale, along a major climatic gradi- 
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ent. Oak-hickory stands are of limited extent in the 
Southern Appalachians, where mixed mesophytie pre- 
vails; mixed mesophytic stands are very limited in 
the Ozarks, where oak-hickory prevails; between the 
Southern Appalachians and the Ozarks there is con- 
tinuous shift of emphasis between the populations of 
these groupings. It may have little meaning to say 
that one association is the climax here and another 
association the climax there, with an ecotone between 
them. Fundamentally, the difference in climaxes is 
one of relative importance of populations at different 
points along gradients. Along the moisture gradient 
at a given elevation in the Smokies, the stand popu- 
lations shift progressively as species and groups of 
species decrease and drop out while others enter 
and increase. Along the elevation gradient the whole 
moisture-gradient pattern changes in character as 
species populations and vegetation types change in 
relative importance from lower elevations to higher. 
Along the climatic gradient west from the Cumber- 
lands populations, vegetation types, and 
whole groups of species, or associations, drop out and 
enter, decrease and increase, or replace one another 
in relative importance. The gradient west from the 
Cumberlands provides an especially favorable op- 
portunity to observe how the climax pattern of one 
area may be gradually transformed along a cli- 
matie gradient to that of another area. 


species 


CONSIDERATIONS OF LoGic AND METHOD 


In the phenomena with which the student of vege- 
tation deals, at least three major levels may be recog- 
nized. The first of these is that of environment, for- 
mulated here as a pattern of gradients. A second is 
that of populations of individual organisms, distrib- 
uted in relation to these gradients. A third is that of 
community phenomena as sueh—community composi- 
tion, diversity, productivity, metabolic and energetic 
function, ete. The level of the individual organism 
itself is hardly to be omitted from consideration be- 
tween the first and second; but the present study 
relates distributions of populations to environmental 
gradients. 

It is generally thought that interpretation in science 
should proceed from lower to higher levels, as from 
the chemical to the biological, the individual to the 
social. Because of the mutual interrelations of levels, 
study and interpretation must sometimes proceed in 
the opposite direction; thus the individuality of the 
person is seareely to be understood except in relation 
to a social milieu, and the individuality of distribu- 
tion of a species population is to be understood in 
relation to a pattern of communities. Some of the 
methods of synecology may well be considered, how- 
ever, in relation to the ideal of proceeding from lower 
levels to higher. 

When a vegetation study proceeds from com- 
munity-types to a consideration of species distribu- 
tions, it is proceeding from the third to the second 
level. In relation to species distributions, community- 
types are secondary or derivative phenomena; for it 
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is the distributional relations of species which cause 
ecologists to recognize community-types. The ap- 
proach to species distributions through community- 
types thus involves a methodological inversion, pro- 
ceeding from a higher to a lower level and from see- 


ondary phenomena to the distributional relations 


which underlie them. If, on the other hand, prob- 
lems of the validity and meaning of associations are 
approached by way of the associations themselves, 


other difficulties of method appear. Samples are 
taken from the vegetation, and it is difficult to take 
such samples without preference for those which con- 
form to subjective ideas of associations and some ex- 
clusion of those which do not. If, now, the samples 
are used to study validity of associations, a clear cir- 
cularity is introduced into the procedure; associations 
are being studied in terms of samples taken in terms 
of associations. The student is thus caught in a circle 
of studying secondary phenomena and his own ab- 
stractions from them in terms of themselves, in place 
of the more reasonable procedure from lower levels 
to higher. The contrary viewpoints of Du_ Rietz 
(1921:215) and Tansley (1920) may be noted. 

It has been indicated that the approach to species 
distributions along the moisture gradient (but not 
along the elevation gradient) used in this paper also 
involves a circularity. It is further clear that the 
approach to the moisture gradient proceeds from the 
higher level of the community gradient to the lower 
one of the assumed gradient of physical environment 
—the approach is inferential. The point is not 
that such procedures are excluded from ecological 
methods; it is that they should be understood, allowed 
for, and made explicit. The author has sought to 
state such limitations in his own methods and feels 
that certain limitations of other methods which may 
be advanced as alternatives should also be observed. 

The relation of abstract types to the stands from 
which they are abstracted involves further difficulties. 
In preliminary field work a type or assuciation is 
recognized, and a number of samples conforming to 
it are taken. The samples are relatively uniform and 
as a group distinct from those taken to represent 
other associations; the further sampling thus rein- 
forces the conception of the association. This, now, 
is likely to be seen as a “good,” “real,” or “valid” unit, 
verified by the sampling. The abstract conception is 
likely to be projected back into nature and regarded 
as a real unit of structure of that which has been 
sampled; the unit in the ecologist’s mind is reified 
or hypostatized (ef. Tansley 1929). The initial choice 
of a “climatie climax” may similarly be reinforced 
by observations of successions and used as a basis for 
further interpretation, until the “climatic climax” 
seems an established and necessary fact. It is all too 
easy to move from the view that such abstractions 
have real usefulness to the view that they are part of, 
or must correspond to, reality. 

The reification of the community-type is often ap- 
parent in the manner in which quantitative data on 
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communities are interpreted. In sampling, an ecolo- 
gist must usually choose certain stands as “typical’’ 
or “representative” while other stands are passed by 
as atypical, transitional or mixed, or disturbed. When 
a number of stand samples are presented in a com- 
piled table for a community-type, the table and the 
properties of the community-type indicated by it 
represent not merely “the community,” but an ecolo- 
gist’s conception of the community as this influences 
his choice of samples. A constancy value of 100% 
for species A may sometimes mean little more than 
that an ecologist regards as typical only stands con- 
taining species A. Consistent difference and apparent 
discontinuity between compiled tables for two com- 
munity-types may imply only that intermediate stands 
were not sampled. Statement that a community-type 
is homogeneous or heterogeneous may reflect the nar- 
rowness or broadness of the ecologist’s conception, as 
this directs his sampling. The author would empha- 
size both the value of such compiled tables and the 
fact that sample choice, and therefore statements 
bout the community-type and constancy and fidelity 
of species, can seldom be wholly independent of a 
given ecologist’s conception of the community-type. 
In practice compiled tables are often presented and 
inferences drawn them as if the table 
sented “the community” in nature, wholly independ- 
ently of the ecologist’s interpretation of it. 

Two very general difficulties appear here, in the 
failure to allow for the ecologist’s interpretation of 


from repre- 


vegetation as guiding choice of data on which further 
interpretation is based, and the confusion of levels 
At least three 
levels of phenomena may be recognized among the 
applications of this term (cf. Dice 1952:426): (1) 
communities or stands which are essentially homo- 
of the earth’s surface and 
comprise all organisms above and below the soil sur- 


involved in the word “community.” 


geneous over some area 
face in this area, (2) community-fractions and micro- 
communities, comprising some organisms of the com- 
munity or stand which are for some reason grouped 
together, as in a stratal community of plants or 
animals, a community of animals of a_ particular 
texonomie category, or the community of a special 
micro-environment, and (3) 
comprising a number of distinguishable communities 
or stands arranged in a mosai¢ or pattern in space, 
such as landscapes, biotic provinces, the complexes 
of bogs and frost-determined landforms, topographic 
patterns, ete. On each level abstract types of com- 
munities may be recognized, such as: (1) formations, 
associations, sociations, dominance-types, site-types, 


community-com plexes, 


(2) unions, socions, micro-associations, (3) landseape- 
types, bog types, climax-complexes, the generalized 
topographie patterns of the present work. The am- 
biguity of the term community results not from the 
accepted convention that it may apply on any level of 
community-size from the inhabitants of a termite’s 
gut to those of an ocean basin, but from its applica- 
tion on at least two levels of abstraction: the con- 
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ception of a particular “concrete” stand, and that of 
an abstract type derived from several more or less 
similar stands. 

Other fields are not similarly affected by use of the 
same term for such different concepts as, say, organ- 
ism and taxon, individual and social class, personality 
and character-type. An association is not a com- 
munity; it is a type of community. Various authors 
have interpreted the association as a “concrete” unit 
(Du Rietz 1921:15, 1928, 1929, Alechin 1925, Clem- 
ents 1928:128); many others have recognized asso- 
ciations as abstract units (Nordhagen 1922, 1928, 
Wangerin 1925, Kylin 1926, Liidi 1928, Wendel- 
berger 1951, 1952, Dice 1952:425). Abstract char- 
acter of the association has in general been empha- 
sized in the school of Ziirich-Montpellier, and the 
stand has often been termed the association-indi- 
vidual (Pavillard 1912, 1935, Braun-Blanquet & 
Pavillard 1922, Braun-Blanquet 1921, 1951). Never- 
theless, the confusion of levels in the term community 
exists as an encouragement to ambiguity and the un- 
critical transfer of information and inferences about 
communities in one sense to communities in the other 
sense. In the author’s opinion, this usage is a major 
factor of confusion, misunderstanding, and ineffee- 
tiveness in discussions of the nature of communities 
and types of communities. It is suggested that clarity 
of discussion is greatly enhanced by a simple and 
fundamental distinction of terms: Community should 
be applied only to the concrete community or stand, 
and any abstract type or class of communities may 
be termed a community-type. 

The general conception most appropriate to the 
theory of community-types is that of class (Langer 
1953). A stand is an individual member of that class 
which is an association or other community-type; in 
this relation it need be assumed neither that the 
stand is discontinuous with other stands nor that the 
class is discontinuous with other classes. The mem- 
bership of the class forms its extensional or denota- 
tive definition; those criteria by which it may be de- 
cided whether a given stand is, or is not, a member 
of the class constitute its intensional or connotative 
definition. (E. g. Members of association A_ shall 
contain at least 4 of the following character-species 
...or, Members of association B shall have canopies 
containing at least 50% Fagus grandifolia and Acer 
saccharum). 

Intensional and extensional definitions are coupled 
and normally develop in relation to one another in 
the interaction or transaction between ecologists and 
vegetation. The relation of members to the class is 
not, however, one of parts to the whole; for the com- 
munity-elass is not a unified, functional whole of 
which stands are the interacting or interrelated parts. 
The class, in extension, is the collection of stands or 
stand-samples to which a class-concept (the inten- 
sional definition) applies. The class is thus a con- 
ceptual entity; and membership in the class is the re- 
lation of falling under, or corresponding to, a con- 
cept. An association or other community-type is the 
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product of an ecologist’s study of natural communi- 
ties and formulation of a class-concept. 

In a complex pattern such as that formed by na- 
tural communities, the creation of class-concepts is 
in general “free” or “arbitrary” (see also Part I). 
No properties of vegetation force an ecologist to 
choose a single manner of defining community-types. 
Emphasis of different properties of vegetation will 
lead to different class-concepts of vegetation types; 
these class-concepts in extension will have differing 
memberships, variously related to one another. The 
different definitions of community-types in different 
schools, the nature of the data presented in this study, 
and the recent research of Goodall (1953) may show 
how variously stands may be grouped and class-con- 
cepts derived from them. The concept of the “com- 
plex continuum” may be modified in two respects— 
granting that a degree of discontinuity exists in vege- 
tation and that a degree of species clustering may 
also oceur—without altering this understanding that 
ecologists enjoy considerable freedom in the creation 
of their class-concepts for associations and other 
units. 

A further means of clarifying relations of com- 
munities and community-types is through the em- 
phasis of non-identification in general semantics 
(Korzybski 1933, Johnson 1946, Vogt 1948, Rapo- 
port 1952). A manner of thinking based upon classi- 
fication and limited by that classification, tending to 
identify classes with the phenomena from which they 
are abstractions, to accept the classes as inherent in 
these phenomena and to approach the phenomena 
only through the classes, may be termed “Aristote- 
lian” in the sense of the general semanticists. Funda- 
mental to the classificatory approach and to ways of 
thinking related to it are three “Aristotelian laws.” 

1. The law of identity: A is A, beech-maple is 
beech-maple, beech-maple stands A,, Ay, Ag, ... Ay 
belong to or are Beech-Maple Association A. 

2. The law of the excluded middle: Anything either 
is or is not A; each of a set of stands A,, As, As, 
... A, either is or is not a stand of Beech-Maple 
Association A. 

3. The law of non-contradiction: Something ean- 
not be both A and not-A; stands A,, Ao, As,... A, 
cannot both belong and not belong to Association A. 

The limitations of these laws may be observed in 
relation to the diversity and intergradation of stand 
types. A is not A; beech-maple stand A, is not 
beech-maple stand A,; the Beech-Maple Association 
is not beech-maple stands A,, As, As, ... A,; the 
Beech-Maple Association is not beech-maple vegeta- 
tion; the beech-maple concept of one ecologist is not 
the beech-maple concept of another ecologist; beech- 
maple, in general, is not beech-maple. Something 
“an just as well be both A and not-A; a stand ean 
be both the Beech-Maple Association of one ecolo- 
gist and not the Beech-Maple Association of another 
ecologist, to whom it may be the Maple-Basswood 
Association. If the class-concept is so stated as to 


provide a sharp limit (50% Fagus plus Acer), then 
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a stand either is, or is not, a member; but the limit 
is arbitrary. If (as is more generally the case) the 
class-concept is that of an ideal stand approached by 
actual stands (full dominance of Fagus plus Acer, 
or, possession of all or most of the following charac- 
ter-species . . .), then stands are not simply beech- 
maple or not-beech-maple; they may be 90, 65, 40, 15, 
5% beech-maple by the chosen criterion of beech- 
mapleness. 

The justification of the classificatory approach is 
not that classes are inherent in, or necessarily appro- 
priate to, the phenomena being studied, but that they 
serve the needs of investigation and scientifie com- 
munication. In the latter part of this work the au- 
thor will venture to classify stands of the Great 
Smoky Mountains. Up to the present, however, a 
different and non-classificatory conception has been 
developed. This interpretation which is, like the 
association-unit theory, a conceptual construction per- 
mitting the relation to one another of data on en- 
organisms, and communities, may be 
Physieal environment forms a 


vironments, 
briefly formulated. 
complex pattern of gradients. At each point in this 


pattern, communities develop through succession ; 
and as community and soil develop and physical en- 
vironment is modified, a successional gradient of 
community composition corresponds to a successional 
complex-gradient of environments. At the culmina- 
tion of successions, a complex climax vegetation pat- 
tern corresponds to the complex pattern of environ- 
mental gradients. In this pattern species populations 
distribute themselves individualistically, each main- 
taining itself where it can in relation to gradients 
which are, now, complex-gradients of environments 
in communities. Species distributions mostly take the 
form of tapered curves; and the vegetation itself 
forms a complex continuum of populations, in which 
local steepenings and interruptions of gradation 
oceur. 

One approach to this pattern is through classifica- 
tion of its parts. An effective alternative is through 
study of gradients of species populations and of com- 
munity characteristics in relation to gradients of en- 
vironment (Whittaker 1951, 1952, 1954a, 1954b). 
These two approaches, emphasizing relative discon- 
tinuity vs. relative continuity, may be regarded as 
mutually complementary and as serving different 
needs, rather than antagonistic. It is the latter ap- 
proach, of relating gradients to gradients, which 
has been explored in the preceding parts of this 
paper. With varied details of technique the basic 
method may be recognized also in work of Ramensky 
(1924, 1930) and other Russian authors studying 
ecological series, in Finnish work with ecological se- 
ries of site-types, and in studies by M¢lholm Hansen 
(Hansen 1930, 1932),Tuomikoski (1942), Ellenberg 
(1948, 1950, 1952), Curtis & MelIntosh (1951), 
Brown & Curtis (1952), and Hale (1955), Major 
(1951), Goodall (1954a, 1954b), and Beard (1955). 
It is suggested that this approach of relating gradi- 
ents to gradients be termed gradient analysis. 
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CONCLUSION 

The thesis of this discussion, developed through the 
five preceding sections, is that (1) species popula- 
tions are variously distributed, each according to its 
own physiology and genetic pattern, so that (2) 
community-types are not organized units of many 
species, but (3) can be interpreted and defined in 
terms of population distributions along gradients and 
(4) understood as part of the complex population 
patterns of climax which (5) the 
method of gradient analysis is appropriate. In simile, 
vegetation may be compared with a pattern of col- 
ored lights cast upon a sereen, a pattern formed by 
innumerable overlapping individual beams of light, 


vegetation, to 


some bright, some faint, some broad, some thin, some 
of simple and some of complex form, but most having 
a brighter center and dimming gradually away from 
this, all somewhat mobile, changing position and 
intensity through time, moving somewhat independ- 
ently and thus changing their relations to one an- 
other, composing all together a blended, intricate, 
and fluid pattern. Parts of the pattern may be classi- 
fied; but an essential complement to the classificatory 
approach is one treating vegetation patterns as 
wholes, regarding vegetation units not as objects in 
themselves but as fragments abstracted from the de- 
sign within and in relation to which they exist and 
have their meaning. 


III. VEGETATION TYPES AND THEIR 
DISTRIBUTIONAL RELATIONS 


BASES OF RECOGNIZING AND DESCRIBING TYPES 

Vegetation of the Great Smoky Mountains has been 
interpreted (Parts I and II) as a complex popula- 
tion pattern, but it is difficult to describe as such. For 
the descriptions to follow, the author has resorted to 
a system of vegetation types. The different schools 
of ecology offer a variety of vegetation units from 
which to choose according to the purposes of a par- 
ticular study. The most widely used system, that of 
Braun-Blanquet (1921, 1932, 1951), is not well suited 
to the present study because data on herbs, bryo- 
phytes, and lichens are incomplete. Rather than fol- 
low this or any other established system, the author 
has sought to let vegetational conditions of the 
Smokies and the kind of data available determine the 
choice of units. In the recognition of types physiog- 
nomy and dominance are emphasized, following the 
traditions of English-language ecologists. 

Two vegetation patterns or complexes are first to 
be distinguished. At elevations over 4500 ft (1370 
m) in the northeastern half of the Smokies, forests 
of spruce and fir prevail. These may be regarded 
as the subalpine forests of this range, and as the 
local representation of the taiga or boreal forests of 
high latitudes and altitudes. At elevations below 
4500 ft (and above 4500 ft outside the range of 
spruce), forests are predominantly of deciduous trees, 
as are the forests of the eastern United States south 
of the spruce-fir belt. Each of these patterns includes 
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more than one physiognomic type; they are conse- 
quently not formations. The word “system” has been 
used for them here, with no intention of establishing 
this as a new vegetation unit. These two major parts 
of the vegetation pattern are named, for their geo- 
graphic relations, the “Eastern Forest System” and 
the “Boreal Forest System.” 

Physiognomie types within each system are a logi- 
cal basis of further Vegetation of the 
Smokies includes types dominated by four major 
growth-forms—needle-leaved evergreen or coniferous 
trees, deciduous broad-leaved trees, evergreen-sclero- 
useful for the 

growth-forms 


division. 


phyllous shrubs, and grasses. It is 
present study to divide the tree 
further. The pines of the Smokies, forming open, 
xeric, lower-elevation stands are conveniently distin- 
euished as a growth-form from the abietine trees 
(Picea, Abies, Tsuga) forming denser and less xeric 
stands, predominantly of higher elevations. Oaks 
affect lower strata through late leafing and type of 
leaf-litter differently from many other deciduous trees 
1935b, 1952) and may be distin- 


(Braun Kucera 


cuished as a growth-form. Along the moisture gradi- 
ent in the “eastern” forest pattern, non-quercine trees 
predominate in mesic sites, oaks in intermediate ones, 


and pines in xeric ones (see Part I). Eriecaceous 
shrubs are a major growth-form in the Smokies, 
dominating heath balds and sharing dominance with 
an open tree stratum in forest-heaths. The heath 
strata are predominantly evergreen but contain, and 
are in some types dominated by, deciduous Vae- 
Physiognomie types recognized in the 
Smokies are thus: abietine forest, non-quercine de- 
ciduous forest, oak forest, pine forest, forest-heaths 
(pine heaths and oak-chestnut heath), heath bald, 
and grassy bald. 

Vegetation types are further distinguished accord- 
ing to their dominant species. All but two of the 
vegetation types described below are defined by domi- 


cinioideae. 


nance of one species or a pair of species. The two 
exceptions (cove forest and heath bald) are domi- 
nated by several important species, the proportions 
of which vary from one stand to another. These types 
are consequently defined by distributional groupings 
or commodia (Part II) of species. 

Sinee the vegetation units are not defined primarily 
by character-species, according to the system of 
Braun-Blanquet (1951), they are not necessarily as- 
sociations in the sense of that term which most nearly 
has international acceptance. They consequently will 
be designated only as “types” and will not be given 
formal, latinized names. In deference to phytosocio- 
logical practice, however, character-species have been 
designated for these types as far as possible. To in- 
dicate these without repetition, names of character- 
species are marked with asterisks (*) in the descrip- 
tion of the type to which they apply. In view of the 
distributional data already discussed, it need hardly 
be emphasized that these character-species are of low 
degree (mostly preferential or holde). Very few spe- 
cies of the Smokies can be considered exclusive or 
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treue for vegetation types, unless these are defined 
more broadly than in the present work. In certain 
vases species have been designated character-species 
for two vegetation types in which their varieties or 
distinguishable population-types are centered. No 
effort has been made to distinguish local and regional 
character species, and character-species indicated can- 
not be assumed to have more than local usefulness. 
The units used differ also from the very broad 
dominance-types, characterizing extensive regions as 
prevailing climaxes, which are termed associations by 
many American authors (Clements 1928, Weaver & 
Clements 1929, Oosting 1948, Braun 1950). What- 
ever their value for geographic treatment of vegeta- 
tion, the American associations are considered too 
broad and ill-defined to be suitable as units in the 
Great Smoky Mountains. In dealing with the vegeta- 
tion of this range it is surely a question not of “oak- 
hickory,” “oak-chestnut,” and “oak-pine,” but of 
particular types dominated by certain species from 
these genera. 

The fifteen types listed below are by no means the 
only ones which might be recognized. In a vegetation 
pattern as complex as that of the Smokies, a large 
number of dominance-types may be distinguished in 
variations in stand composition. The author has 
subjectively chosen those types which seem most sig- 
nificant in the vegetation pattern. The types recog- 
nized are those which oceur most frequently in the 
pattern and oceupy largest areas of the mountain 
surface. They are those types which seem to be 
combinations of dominants usually appearing in a 
particular range of environmental conditions, rather 
than occasional variations in stand composition. Only 
those types considered “climax” in the sense of ap- 
parent stability in their present sites will be de- 
scribed. Major successional types which may be men- 
tioned include Prunus pensylvanica, Betula lutea, and 
Amelanchier laevis forest types at high elevations, 
Betula lenta and Acer rubrum forests in intermediate 
sites of most elevations, stands of Pinus spp. in drier 
sites of middle elevations and many sites of lower 
ones, and Liriodendron tulipifera in more mesic sites 
of lower elevations. A type list for the Smokies, in- 
cluding some successional types, is given by Cain 
et al. (1937). 

The use of vegetation units is in contrast to the 
approach developed in parts I and II. The funda- 
mentally different approach through units has been 
chosen for Part III strictly as a matter of conveni- 
ence in describing parts of the vegetation pattern and 
relating the pattern to topography. It should be 
emphasized that the classification developed is only 
one of many, equally valid, ways of classifying vege- 
tation of the Smokies. It should not be supposed that 
the units to be deseribed are “real” units, already 
marked out in the vegetation; which the author has 
recognized by studying it. Classifications of vege- 
tation are human creations, resulting from the study 
of vegetation for certain purposes, emphasizing cer- 
tain properties of vegetation which become criteria 
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of classification. Continuity of most vegetation types 
has been previously discussed and may well be kept 
in mind; but, for brevity’s sake, most transitions be- 
tween types will not be described. 

The deseriptions are based on data compiled in the 
composite stand tables (Appendix C). For these, 
the 300 site-samples were classified into types aec- 
cording to dominant species. Within each vegetation 
type the site-samples were further divided by 1000-ft 
elevation belts and, in some cases, by relative impor- 
tance of moisture classes of trees. By this classifiea- 
tion, the site-samples were grouped into 27 composite 
tables for vegetation types and their subdivisions, 
each table including about 1000 tree stems and 100 
canopy stems. The tables cannot be published here, 
but are otherwise made (see Note on 
Supplementary Publication). tables 
in Appendix C on which descriptions are based are 
indicated after the names of types. 

The classification of climax vegetation types in the 
Great Smoky Mountains is as follows: 

I. Eastern Forest System 

A. Mesic, non-quereine forests 
1. Cove hardwoods forest (1-7) 
2. Eastern hemlock forest (8, 9) 
3. Gray beech forest (10, 11) 

B. Intermediate, oak forests 
4, Red oak-pignut hickory forest (12) 
5. Chestnut oak-chestnut forest (13-15) 
6. Chestnut oak-chestnut heath (16, 17) 
7. Red oak-chestnut forest (18, 19) 
8. White oak-chestnut forest (20, 21) 

C. Xeric, pine forests 
9. Virginia pine forest (22) 
10. Pitch pine heath (23) 
11. Table mountain pine heath (24) 


available 
Numbers of 


D. Extreme exposure type 
12. Grassy bald 
II. Boreal Forest System 
A. Subalpine forests 
13. Red spruce forest (25, 26) 
14. Fraser fir forest (27) 
B. Extreme exposure type 
15. Heath bald 
VEGETATION TYPES OF THE GREAT SMOKY MoUNTAINS 
1. COVE HARDWOODS FOREST 
The cove forests of the Southern Appalachians are 
doubtless among the most beautiful deciduous forests 
in the world. Trunks of the canopy trees, 3 and 4 
ft or more in diameter, rise to bear crowns 75 and 
100 ft from the forest floor. Tops of the trees reach 
100 to 150 ft with oceasional great tulip trees (Lirio- 
dendron tulipifera), 6 and 7 ft in diameter, ap- 
proaching 200 ft. Below the canopy smaller trees 
form a broad, but not dense, foliage layer. In sum- 
mer a verdant growth of mesophytie ferns and other 
herbs nearly covers the forest floor. Small tree spe- 
des and shrubs are almost absent from many stands, 
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Fic. 14. Cove hardwoods forest, Porter Creek Flats. 
Reproduced by permission of Thompsons, Ine., Knox- 
ville, Tenn. 


and the small stems of the reproducing trees are not 
dense. The forest has an open and spacious appear- 
anee, with a high deciduous canopy borne above a 
rich herbaceous carpet and little intervening woody 
undergrowth. 

Six tree species share dominance in most of the 
Tsuga canadensis, Halesia monticola 
octandra*, Tilia heterophylla*, Acer sac- 
charum*, and Betula allegheniensis*“—, while Lirio- 
dendron tulipifera and Fagus grandifolia are impor- 
tant in some stands. Each of these forms 10 or 20% 
of the canopy in some stands and is locally more 
important. Together these 8 species make up 80 or 
90% of the canopy of cove forests, dominating stands 
in different combinations. With them oceur a num- 
ber of other species. Fraxinus americana and v. bilt- 
subintegerrima, Quer- 


cove forests 


Aesculus 


pennsylvanica vy. 
cus borealis v. maxima, Magnolia acuminata, Carya 
cordiformis*, and the large mesic population of Acer 
rubrum are widely distributed canopy species which 
Prunus serotina*® is locally 


moreana, F., 


are seldom numerous. 
important between 3500 and 5500 ft. 
small and medium stature include Magnolia tripetala* 
and Carpinus caroliniana* at low elevations, Mag- 
nolia fraseri, Cladrastis lutea*, Ilex and 
Ostrya virginiana at most elevations, and Acer spica- 
tum and Amelanchier laevis at high elevations. Cas- 
tanea dentata and other subxerie species are absent 
from the most mesie stands of deep valley flats (see 
tables 2 & 3; Appendix C, tables 3 & 4; Whittaker 
1951, tables 1 & 3). 


Species of 


opaca, 
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The shrub stratum is poorly developed or absent 
in stands of valley flats at middle elevations. Huony- 
mus americanus* and Lindera benzoin* oceur in low- 
elevation stands, Cornus alternifolia, Viburnum ailni- 
folium, and Ribes cynosbati in high-elevation ones. 
Hydrangea arborescens occurs locally at all eleva- 
tions; Rhododendron maximum occurs along streams 
and (often with Leucothoé editorum) in some other 
sites, particularly under hemlocks. There is, however, 
no shrub grouping characteristic of the cove forests 
as a whole. 

The herb stratum is the richest in the mountains. 
Cain (1943) over a hundred species for the 
spring and summer aspects, and Braun gives com- 
parable lists in her papers (1935b, 1940a, 1942). 
Summer herb coverage is as high as 80 percent in 
some sites, with a luxuriant growth of mesic ferns 
and herbs of spreading or umbrella-shaped foliage 
form. Most species of the mesic herb union are cen- 
tered in the cove forests and may be regarded as 
character-species for them. The most abundant spe- 
cies of the union in summer are Eupatorium rugo- 
sum*, Cimicifuga racemosa*, Caulophyllum  thalic- 
troides*, Impatiens pallida*, Laportea canadensis*, 
Trillium erectum v. albiflorum*, Aster divaricatus*, 
and the ferns Dryopteris spinulosa v. intermedia*, 
and Athyrium thelypterioides*. Beneath them grow 
smaller species—Viola spp., Stellaria pubera, Ti- 
arella cordifolia*, Galium triflorum, and Euonymus 
obovatus. The beautifully developed herb community 
is stratified as the forest is, with a canopy of tall 
spreading herbs and ferns and an undergrowth of 
lower and prostate plants. Some species of the sub- 
mesic herb union oceur, and toward higher elevations 
species of the mesic high-elevation union form a con- 


lists 


spicuous part of the stratum. 

The relation of cove forest and mixed mesophytie 
to the Arctotertiary forests has been indicated by 
Braun (1935a, 1947, 1950). Cain (1943) studied the 
Tertiary character of the cove forests in the Smokies, 
using fossil records of genera and distributions, par- 
ticularly the frequent eastern Asia-eastern North 
America disjuncts. Cain considered that all gener: 
of ferns and shrubs and most genera of trees and 
herbs were of Tertiary history. His figures for trees 
and flowering herbs were 86 and 75% of genera with 
known or indicated Tertiary history, including the 
minor species in his lists. On the basis of his con- 
stancy-class V or the most abundant species of the 
low-elevation mesic herb union listed here, all prin- 
cipal herb species are of Tertiary history. The union 
is related, and linked by its predominant growth- 
form, to Lippmaa’s (1939) Galeobdolon-Asperula- 
Asarum Union of herbs surviving from Eurasian 
Arctotertiary forests. Of the trees listed by Cain, 
if Tulipastrum is grouped with Magnolia, and 
if Robinia pseudoacacia and Oxydendrum arboreum, 
which are extraneous to the cove forests, are set aside, 
all are of Tertiary history. The Tertiary history of 
the genera certainly does not imply that extensive 


changes have not occurred. However, as Cain sug- 
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gests, a naturalist wandering, unknown to him, into 
some Tertiary forests might see no very conspicuous 
difference except the presence of Ginkgo and Se- 
quoia (or Metasequoia). 

Various combinations of dominants appear loeally 
in the cove forests: Acer saccharum-Halesia monti- 
cola, A, saccharum-Tilia heterophylla, Tsuga_ cana- 
densis-T. heterophylla, Aesculus octandra-T. hetero- 
octandra-Betula allegheniensis, T. cana- 
densis-Liriodendron tulipifera, T. canadensis-Fagus 
grandifolia, T. canadensis-B. allegheniensis, A. sac- 
charum-F. grandifolia. None of these (ef. Cain 1943) 
represents a well-defined and extensive type. The 


phylla, A, 


most significant change in the cove forests, other 
than the transition to oak types, is the gradual 
rise of Aesculus octandra, Tilia heterophylla, and 
Betula allegheniensis toward their different modes 
at higher elevations, where they form the so-called 


northern hardwoods dominated by these three 
southern tree species (ef. Braun 1950:207). The 
upper cove forests may be regarded as a sub-type of 
the cove forests with the same dominants in different 
proportions, but with Liriodendron and Tsuga often 
absent, and with Acer spicatum, Amelanchier laevis, 
Viburnum alnifolium, and Cornus alternifolia domi- 
nating the stratum of and low trees. Mo- 
narda didyma, Rudbeckia laciniata, Oxalis montana, 
and other species of the high-elevation mesic union 


shrubs 


appear in the herb stratum. 

An additional subtype may be reeognized in the 
cove forest transition between the mesic forest and 
oak forest groupings. As less mesic sites are ap- 
proached from the cove forests, increasing percent- 
ages of submesie species occur in the stands. Sub- 
xerie species (Castanea dentata, Oxydendrum ar- 
boreum, Quercus alba and Q. prinus, Nyssa sylvatica) 
also appear in significant numbers. In the cove forest 
transition 25 or more tree species, representing all 
classes but the xeric, may be encountered among 200 
or 300 stems. In the shrub stratum Rhododendron 
maximum is most important, and many of the shrub 
species of oak-chestnut forests appear. With their 
heavier growth of small trees and greater shrub cov- 
erage (20-50%), these stands are less open and spa- 
cious in appearance than the cove forests themselves. 
Herb coverages in cove forest transition vary widely 
(5-50%), the extremes of this range corresponding 
to the low coverages in oak-chestnut forests and the 
high ones in cove forests. 

Mixed Mesophytic in the Smokies and Cumberlands 

The cove forests of the Smokies are closely related 
to the mixed mesophytie forests of the Cumberland 
Mountains (Braun 1935b, 1940a, 1942, 1950), but 
the mesophytic communities of the two ranges differ 
in some respects (see also Part II). With the greater 
area occupied by mixed mesophytie in the Cumber- 
lands, there is a greater differentiation of the asso- 
ciation into segregates; some of the combinations 
mentioned by Braun were not observed in the 
Smokies. Notable among these are the beech (Fagus 
communities, Quercus alba-F. 


grandifolia) ravine 
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grandifolia, F’. grandifolia-Castanea dentata, Tsuga 
canadensis-F’. grandifolia, and 7. canadensis-Q. alba 
forests. In the Smokies the (white) 


beech is a minor tree, and the low-elevation popula- 


low-elevation 


tion of Quercus alba is important only in oak-hiekory 
stands which are limited in area. In the somewhat 
lower elevations of the Cumberlands these two low- 
elevation 
dominants of types. 


populations are major tree species and 


In general composition mixed mesophytic of the 
Cumberlands may best be compared with cove forest 
Thus the 
average composition of mixed mesophytic on Black 
Mountain, based on 2,000 stems (Braun 1940a: 237) 
shows a striking correspondence with cove forest 
transition below 2500 ft (Appendix C, table 6) in 
the Smokies. Prineipal differences are in the oceur- 
rence of 7’suga canadensis as a major species in the 
Smokies, and the appearance of Halesia monticola 
and Pinus strobus in the Smokies stands. The for- 
mulas for composition in terms of moisture-elasses 
(Part 1) permit further comparison of forests in the 
These formulas (Mesies: Submesies: Sub- 


transition as reeognized in the Smokies. 


two areas. 
xeries: Xeries) are, for Braun’s table of mixed meso- 
phytic, 67:12:20:0, and for the cove forest transi- 
tion in the Smokies, 65:14:21:0. Table 1 of Braun 
(1950:53) indicates the differences in composition of 
all-deciduous mixed mesophytie forests of the Cum- 
berland Mountains according to slope. The stands of 
mesic slopes (81:9:10:0 to 70:12:18:0) correspond 
to more mesic cove forest transition stands in the 
Smokies, while in stands of south slopes in the Cum- 
berlands the mesies are slightly in the minority (49: 
15:35:0, 42:20:39:0). 

Cove forests themselves in the Smokies are more 
distinctly mesophytie in composition. For three com- 
posite stand counts from different elevations (Ap- 
pendix C, tables 1, 2, 5) canopy composition was 
88 :10:2:0, 89:8:3:0, and 94:6:0:0. The cove forest 
stands of Porter Creek and Kalanu 
formulas of 98:2:0:0 and 96:4:0:0, 
These cove forests are most nearly comparable with 


Prong gave 
respectively. 


one of the segregates of the mixed mesophytic, the 
forest 
octandra), 


sugar maple-basswood-buckey« (Acer saccha- 
rum-Tilia heterophylla-Aesculus 
for the absence of Halesia monticola from the latter 
(see Braun 1950:56). In this segregate mesies may 
form more than 90 percent of the stand; composition 
in examples given (Braun 1950:58) ranges from 
93:6:1:0 to 78:15:7:0. In some examples of beech 
ravine communities also the mesics comprise more 
than 90 percent of the stand (Braun 1950:60). For 
comparison between the two ranges, the cove forest 
transition is best identified with the all-deciduous 
mixed mesophytie (and equivalents with some Tsuga 
canadensis), the cove forests themselves with the 
sugar maple-basswood-buckeye mesic segregate. 

In Braun’s scheme of interpretation, the cove for- 
est transition should perhaps be given primary em- 
phasis and the cove forests and oak forests adjacent 
to it regarded as segregates. Certain features of 


except 


VEGETATION OF THE GREAT SMoKy MOUNTAINS 47 


these mesophytie forests in the Smokies have dis- 
couraged the author from following this course: 


1. Tilia heterophylla and Aesculus octandra are indi- 
vated by Braun (1950:43) to be characteristie species 
of Mixed Mesophytie. In the Smokies, at least, other 
character-species may be added to these, notably Ha- 
lesia monticola, Betula allegheniensis, Cladrastis lu- 
tea, and the loeal population of Acer saccharum. The 
populations of these character-species are centered 
not in the cove forest transition but in cove forests 
proper. 

2. The optimum development of mesophytie forests, 
with the richest mesophytie herb stratum as well as 
strongest dominance by five of the character-species 
above, is in the cove forests of deep valleys, not in 
the cove forest transition. 

5. Castanea dentata and other tree species charae- 
teristie of the oak forests are almost absent from the 
cove forests proper and extend into cove forest tran- 
sition only with the tails of their distributions. It is 
difficult to interpret these species as belonging to the 
cove forests and segregating into oak forests. Rather 
than this, their distributions appear simply to over- 
lap in part with those of cove forest species. 

1, Applied to the Smokies, the Mixed Mesophytie 
in Braun’s definable vegetation 
type than a range of stand conditions from cove for- 
ests to more mesophytic oak forests. Mixed Meso- 
phytie seems too broad and heterogeneous a group- 


ing, bringing together into one association species 


sense seems less a 


whose relations to the moisture gradient are too 
widely different. 

In the Cumberlands, stands of mesie species mixed 
with oak-forest species form the prevailing climax 
type. It reasonable to emphasize 
these highly mixed stands and to regard the mesic 
and xeric extremes as secondary to them. The diverse 
stand types of the Cumberlands may then be given 
unity in terms of the monoclimax theory, very broad 
definition of associations, and the conception of asso- 
ciation-segregates. In the Smokies it seems prefer- 
able to identify the mesophytie association in ques- 
tion with the cove forests and to regard stands highly 
mixed with oaks and Castanea dentata as transitional. 
Applied to the Cumberlands, the author’s interpre- 
tation would suggest that the Mixed Mesophytie com- 
prises: (1) truly mesophytic forests (sugar maple- 
basswood-buckeye), (2) a wide range of highly mixed 
transitional oak forest 
types, and (3) various segregate types dominated by 


is consequently 


stands between these and 


species which are represented also in stands of the 


preceding. 

There are no signposts in nature to tell us whether 
we should see mixture occurring in one direction or 
segregation in the other, where in a vegetational con- 
tinuum we should locate our associations and where 
our transitions. The interpretations of Braun and 
the author are different, possible patterns of abstrac- 
tion from the vegetation of the Southern Appa- 





48 R. H. WuirraAKer 


lachians. It is not asserted that the interpretation 
of Braun (1950:195-215) is in any 
when applied to the Smokies. For the present study, 
however, “cove forest,” and “cove forest transition” 
have been preferred to the broader conception of 
“Mixed Mesophytice” for locally recognized, quan- 
titatively distinguished types. 


way erroneous 


2. EASTERN HEMLOCK FOREST 


Toward higher elevations hemlock (Tsuga_ cana- 
densis*) has an inereasingly high population peak 
in mesic (Fig. 15). The heavily hemlock- 
dominated stands of upper slopes and ridges have 
been called the hemlock ridge forest and suspected 
of being segregated by thin soils (Cain et al. 1937). 


sites 


deste. Gener wine, pene ees Lema ee ene ee lee, Cee 5 4 


| 





Fig. 15. Rise of Tsuga canadensis toward higher ele- 
vations, distribution in moisture-gradient transects: a, 
1500-2500 ft: b, 2500-3500 ft: ¢, 3500-4500 ft. 


Some broadleaf cove forests occur on equally steep 
slopes, however, and some hemlock stands occur on 
valley flats. Hemlock stands appear in sites which 
are somewhat less mesie than those of the cove for- 
whether on open valley flats at 
slopes above the valleys at 


ests 
middle 
high elevations. 


Hemlock 


themselves, 
elevations, or 


deciduous 
The 


some 


stands are so different from 
cove forests as to appear almost unrelated. 
stands have the dense, dark appearance of 
abietine forests; the herb layer may be almost absent 
and the shrub layer a tangle of Rhododendron. The 
forests have a somber aspect, unrelieved by the ver- 
dant green of deciduous forests, with no colors but 
the brown floor and tree trunks and dark evergreen 
tree and shrub foliage, except for flower clusters of 
Rhododendron shining white and purple where they 
may be caught by sunlight down the slopes. The 
trees are as large as those of broadleaf cove forests; 
stems 3 and 4 ft in diameter bear the canopy crowns, 
reaching heights above 100 ft. The large stems are 
more closely spaced than in the cove forests, and 
smal] tree stems are fewer. 

Hemlock may form more than 70 or 80% of the 
canopy at higher elevations, but stands may include 
most other mesics and some other tree species. Be- 
cause of the large size of hemlock, stands in which it 
comprises only 20 or 30% of the stems may be domi- 
nated by it. The most important associates of hem- 
lock are Halesia Betula 


monticola, allegheniensis, 
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Magnolia fraseri*, and sometimes Liriodendron  tu- 
lipifera or A low-tree layer of 
Ilex opaca*, Betula lenta, Acer pensylvanicum, and 
submesie and 
some 


Fagus grandifolia. 


most other small-tree species of the 


ecotonal-mesie unions, is well developed in 
stands but relatively unimportant in others in whieh 
Rhododendron dominates the undergrowth. 

On steep slopes the shrub laver may be strongly 
developed as a high heath. At higher elevations heath 
he 60 to S80 Rhododendron 


marimum or R. The Tsuga- 


coverage may with 


catawbiense dominant. 


Rhododendron combination resembles the type de- 


seribed by Oosting & Billings (1939), but the com- 
bination with Vaeeinium (Polyeodium) was not en- 


countered in the Smokies. Leucothoé editorum is 


frequent in these forests, Hydrangea arborescens, 


latifolia, 
stands on lower flats, more mixed with hardwoods, 


Kalmia and others are oeeasional. Some 
have little shrub undergrowth. 

The herb be nonexistent in dense 
stands with heavy heath undergrowth. The effeet of 


hemlock needles and the superficial root system is to 


stratum may 


produce a surface soil mueh more acid than that of 
hardwoods stands and to reduce water penetration to 
lower levels, drying the soil (Daubenmire 1930, 1931). 
Although hemlock stands occur in mesic sites, they 
are relatively xerie and acid for undergrowth plants. 
A dense Rhododendron heath may develop under 
these conditions, and the forest floor may be a sterile 
hemlock Rhododendron leaves. In 
stands with less heath an herb stratum of low cover- 


surface of and 


age may appear. Dryopteris spinulosa v. intermedia, 
Mitchella repens*, with Goodyera repens v. ophioides* 
often growing among its stems, and Tiarella cordi- 
folia are the most successful herbs. Polypodium. vir- 
gintanum is frequent on exposed rocks and _ roots. 
Herb coverage varies from zero up, related to the 
proportion of hardwoods and development of heath. 

The hemlock forest type is most distinetive, with 
heaviest hemlock dominance, densest heath growth, 
and most impoverished herb stratum on steep slopes 
at higher elevations. At lower elevations stands are 
more mixed with hardwoods, with heath and 
more herbs. Below 2500 ft the hemlock forest gradu- 
ally merges with the cove forests; and hemlock be- 
comes only one of the dominants, though the most 


less 


important one, of lower-elevation cove forests. 
3. GRAY BEECH FOREST 

Above 4500 ft the high-elevation or “gray” popu- 
lation of beech (Fagus grandifolia*) is the most im- 
portant tree of deciduous forests (see also 
Russell 1953). Gray beech forms small-tree forests. 
The beech itself seldom exceeds 15 in. diameter; 
and the bulk of canopy stems may be in the 8- to 
12-in. classes, though cove-forest hardwoods oceurring 
with it may reach fair size. In two quadrat studies 
canopy (8-10 inches) were only 25 to 40 
ft high, with crowns 12 to 20 ft from the ground. 
Small stems may be numerous, but frequently the 
undergrowth is slight, with few seedlings and few or 


mesic 


stems 
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no shrubs above a floor of sedges, ferns, and other 
herbs. The small, trees with erowns 
and the grass-like floor of sedges, open and free of 
woody undergrowth, led the natives to call these 
woods “beech orchards,” a fair description of them. 
Trunks of the trees are mottled gray from the lichens 
which cover them and are so lichen-eoated that barks 
as distinctive as those of beech and buckeye cannot be 
Compared with the superb cove for- 


low rounded 


distinguished. 
ests, the trees have a stunted appearance; and other 
species share with beeeh the “orehard” growth-form. 


In form, flora, and single-species dominance the beech 
woods suggest a vegetation of extreme conditions, a 
deciduous type in a limiting and stunting subalpine 
environment. 

The gray beech forests of north and south slopes 
are so different they may best be deseribed separately. 
Stands of north-facing slopes, occurring on north and 
northeast sides of gaps within the range of spruce 
and on many open slopes of the same orientations in 
the southwest half of the mountains, are a continua- 
tion and modification of the upper cove forests. Al- 
though beech is most numerous in stems, two trees of 
the upper cove forests, Betula allegheniensis (or B. 
lutea) and Aesculus octandra are equally important 
in the canopy and dominate some stands. The low- 
tree stratum usually ineludes numerous small stems 
spicatum, A. and <Ame- 


of Acer pensylvanicum, 


lanchier laevis. Viburnum alnifolium, Cornus alterni- 
folia, Hydrangea arborescens and, infrequently, Ribes 
rotundifolium oeeur in the shrub stratum. Shrub cov- 
10%. The 
stratum is essentially like that of upper cove forests, 


erage is quite low, usually 2 to herb 
but with sedges nearly always present in small coy- 
erage and with greater representation of herbs of 
the high-elevation mesie union 
beckia laciniata, Streptopus roseus, and others. Herb 


Senecio rugelia, Rud- 


coverage is 40 to 60%, of the same order as that in 
cove forests. The north-slope beech forests are in all 
strata a distinctly mesie type, closely related to 
upper cove forests and to be distinguished as a type 
only by numbers of limitation 
of tree size, and more subalpine east of the flora. 

gap from the north to the 
south side, one enters quite different beech forests, 
transitions to which occur in the intermediate south- 
east and west 
floored beech woods are among the most limited forest 
types in the Smokies, largely restricted to gaps and 
concave slopes within the range of spruce. These 
stands differ significantly in canopy composition 
in smaller number of species, 
greater preponderance of beech, and occurrence of 
Halesia monticola as second most important species. 
The ecotonal small trees are absent or unimportant; 
the shrub stratum is insignificant or absent, with only 
Hydrangea arborescens appearing occasionally. It is 
in the herb stratum that the south-slope beech forests 
are most distinctive, however. Sedges (Carex aesti- 
ralis* and sp.) dominate the herb stratum with cov- 
erage up to 80 and 90%. With the sedges occur seat- 


larger beech stems, 


When one crosses a 


exposures. The south-facing, sedge- 


from north-slope ones 
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tered plants of most of the herb species of north 
slopes and upper cove forests except Cimicifuga. 
With the notably 
Medeola 
high-elevation union, including Prenanthes altissima”, 


mesies oeeur a few submesies, 


virginiana, and members of the submesie 


Arisaema quinatum", Angelica triquinata*, and Soli- 
dago sp. The abundant fern, as on north slopes, is 
The south- 
slope beech stands are in many respects intermediate 


Athyrium filix-femina vy. asplenioides 
to north-slope beech-mixed stands and high-elevation 
red oak-chestnut forests. 
1, RED OAK-PIGNUT FOREST 
At lower elevations, usually below 2500-3000 ft, 
oak-hickory forests occupy the next position toward 


HICKORY 


xerie sites beyond cove forest transition. In many 
places they are poorly developed or absent as a type, 
their place being taken by forests of mixed oaks and 
chestnut with some hickories. In their best develop- 
ment oak-hickory forests are dominated by combina- 
tions of northern red oak (Quercus borealis v. 
white 


mari- 
ma*), pignut hickory oak 
(Q. alba*), and mockernut hickory (C. tomentosa”), 


(Carya glabra*), 


Stands usually inelude Q. velutina and C. ovalis*, Q. 
prinus, Castanea dentata, Nyssa sylvatica, and Lirio- 
dendron tulipifera. Acer rubrum, Cornus florida, 
and Orydendrum arboreum are important small trees. 

The lower strata of oak-hickory 
Smokies like those of 


forests. Where oak-hickory stands oecur on 


forests in the 


may be much oak-chestnut 
lime- 
stone soils on the northwest edge of the range, they 
are quite unlike those of the mountains themselves. 
Juglans nigra, Carya ovata, and Cercis canadensis 
occur, and on limestone outerops Juniperus vir- 
giniana, Rhamnus caroliniana, and Viburnum rufidu- 
lum, with conspicuously different lower strata of a 
middle-western aspect. On of the 
tains, however, shrubs of the oak-chestnut forest ap- 
The eri- 
latifolia are 


acid soils moun- 
pear, with variable coverage (5 to 50%). 
Kalmia 


usually most important, with Rhododendron 


rads Gaylussacia ursina and 
mari- 
mum, R. calendulaceum, Pyrularia pubera, and most 
other shrubs of the submesie union sometimes pres- 
ent. 


forests : 


Most herb species are shared with oak-chestnut 


Polystichum acrostichoides, Solidago sp., 


Aureolaria laevigata, and Galar aphylla are most 
frequent; Viola hastata, Chimaphila maculata, Des- 
modium nudiflorum, Goodyera pubescens, Prenanthes 
trifoliolata, Smilacina racemosa, and Urularia pudica 
all occur, along with a few mesies (Cimicifuga race- 
mosa, Aster divaricatus, Actaea pachypoda). Herb 
coverage is generally low, in the range of 1 to 10%. 

5. CHESTNUT OAK-CHESTNUT FOREST 


The most extensive forests of middle and lower 
elevations in the Smokies those dominated by 
chestnut oak (Quercus prinus) and chestnut (Cas- 
Oak-chestnut heaths and forests oe- 
cur on almost all slopes except those facing south 
and southwest, and are marked unmistakably now by 
the gray striae of dead chestnut trunks and branches. 
From accounts of old-residents and from trends in 


are 


tanea dentata). 
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that forests of great 


most ot 


secondary iorests, if seems 


chestnut trees once covered the lower coves 
and broad open valleys away from stream-banks. The 
slope oak-chestnut stands which have survived settle- 
ment and the blight are not impressive forests. Only 
a few of the surviving trees, mostly chestnut oak, 
2 ft in diameter, although chestnuts with 
diameters of 4-5 ft and more are still standing in 
places (1947). The death of the chestnuts, by open- 
ing the stands, permitted heavy reproduction of other 


exceed 


trees formerly limited by competition and shading, 
and has to date strongly favored small-tree species 
(ef. Keever 1953). The have dense 
stands of small stems of Acer rubrum, Oxydendrum 
arboreum, florida, and One who 


crosses a flat or slope in the oak-chestnut forest finds 


forests now 


Cornus others. 
his vision limited and progress retarded by the beavy 
undergrowth of small trees and shrubs and the spines 
of the catbriers (Smilax rotundifolia), particularly 
abundant here. 

Chestnut was formerly dominant in the forests. with 
probably 30 to T0% Chestnut oak 
was the second dominant, and with chestnut dead is 
now the first. There is no other very important can- 
opy species; these two made up 75° or more of the 
with the rest divided among Quercus borealis 
leer 


of canopy stems. 


canopy, 
v. maxvima, Q. alba, Q. velutina, Nyssa sylvatica, 
Liriodendron tulipifera, and small pereent- 
ages of hickories and mesics. The dominant chestnut 
oaks are mostly in the 1.5- to 3.0-ft diameter classes, 
with heights of 50 to 75 ft—distinetly smaller and 
lower than the cove forest trees, and with the stockier 
growth-form which is still more marked in the open 
growth of oak-chestnut heath. 

Shrub coverage is much higher than in mesic for- 
ests; 50 to 80% is general at middle elevations, de- 
clining to 20 to 50% below 2500 ft. Aalmia latifolia, 
Rhododendron calendulaceum, R. maximum, and Gay- 
lussacia ursina are the most important shrub species. 
Clethra acuminata, Calycanthus 


rubs “um, 


Pyrularia pubera 
fertilis*, and Vaccinium constablaei are usually pres- 
ent, the last seldom below 2500 ft; Viburnum aceri- 
folium*, Lyonia ligustrina and Hydrangea arbo- 
rescens are occasional. 

The herb flora is similar to that of oak-hickory, 
but other species occur. Species of the submesiec 
Aureolaria Prenanthes  trifolio- 
Pedicularis 

Goodye ra 
florum®, ete.) dominate the stratum, along with the 
subxeric Galax aphylla and oceasional xeries (FE pi- 
and mesi¢s (Aster 
divaricatus and Eupatorium rugosum). Herb cov- 
erage is low, but variable, grading from 1 to 5% at 
low elevations to 5 to 30% at higher elevations and 


union | laevigata*, 


lata*, nudi- 


canadensis, Desmodium 


florum’®, pubescens*, Veratrum  parvi- 


gaea repens and Panicum sp.) 


in more mesic sites. 

6. CHESTNUT OAK-CHESTNUT HEATH 
Stands in which chestnut oak (Quercus prinus* ) 
(Castanea dentata) are dominant are 
oak-chestnut forest 


and chestnut 


customarily designated regard- 


Keological Monographs 

‘ol. 26, No. 1 
less of their structure. Not all that is dominated by 
oak and chestnut is forest, however; and no one who 
has mapped quadrats or traveled — eross-country 
through oak-chestnut heath and forest 
to overlook the distinction, The two types are dis- 
tinguished by Conard (1935) in his study on Long 
and 


Smokies are 


would wish 


Island as the (uercetum halmietosum (J uer- 


cetum print. Submesie stands in’ the 
unquestionably forests, with closed eanopies; but in 
the oak-chestnut heath total tree eoverage, including 
small trees, may fall below 40 or 5007. Large chest- 
nut oaks and chestnuts are widely seattered, and 
under the open tree stratum the shrub layer is closed; 
the mountain slopes are covered by a continuous ever- 
green heath of Kalmia and other species. Travel 
through the oak-chestnut heath is difficult; effort and 
the foree of either exertion or gravity are necessary 
to push one’s way through the heath, and only the 
pressure of the shrubs supports one and prevents 
frequent tripping among the dense stems. 

Chestnut and chestnut oak make up 80% or more 
of the “eanopy” of tall The chestnuts are 
now dead; and the coverage of large chestnut oaks, 


trees. 


while difficult to measure, is probably no more than 
20 to 30° in many cases. The trees are fairly small; 
only oceasional ones exceed 2 ft in diameter, and few 
are more than 40 to 60 ft high. Other species which 
enter the canopy in small percentages are Nyssa syl- 
vatica, Acer rubrum, Quercus alba, (. coccinea, Q. 
velutina, and loeally Pinus strobus. Acer rubrum and 


Oxydendrum arboreum are the most important small 


trees, and Robinia pseudoacacia and Sassafras albi- 
dum are generally present at middle and higher ele- 
vations. 

The shrub layer is strongly dominated by Kalmia 
latifolia, with Clethra acuminata, Lyonia ligustrina*, 
Rhododendron maximum, Pyrularia  pubera, and, 
2500 ft, 
shrub canopy. 
low shrub layer underneath. 


above Vaccinium constablaei also in the 
Gaylussacia ursina usually forms a 
Most of the 


Vaccinium 


submesie 
vacillans 
Shrub 
below 


shrubs occur oceasionally, and 
the heath is 
places not noticeably 


may appear where less dense, 
coverage is in many 
100% and is usually 80 to 100% where the type is 
well developed. With the scattered trees, many stands 
could as well be regarded as heath communities with 
a tree overgrowth. Fires and death of the chestnuts 
have influenced this structure; although reduction of 
tree cover would permit abundant tree reproduction 
in oak-chestnut forest, it might favor the shrubs in 
oak-chestnut heath. Stand counts indicate, however, 
that tree reproduction has increased since the death 
of the chestnuts in spite of such increase as may have 
occurred in the shrub stratum. Proportions of chest- 
nut oak and chestnut in the counts indicate that the 
canopy was open—perhaps 40 to 70%—hefore the 
death of the chestnuts. 

Galax aphylla* is the most important herb-layer 
plant. A variety of herb species listed for the sub- 
mesic and xeric unions range into the type. None 
reach any appreciable coverage, although the ground 
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heaths Gaultheria procumbens and Epigaea repens, 
Panicum sp.y Campanula divaricata’ , and Aureolaria 
laevigata are fairly frequent. Herb coverage is quite 
low, 1 to 5%, with herbs other than Galax and the 
ground heaths well below 19%. 


7. RED OAK-CHESTNUT FOREST 


The red oak-ehestnut eombination is submesie in 
composition of both tree eanopy and lower strata, 
and is the high-altitude equivalent of ehestnut oak 
Northern red 


(Castanea dentata) 


hore 


70 or 


chestnut forest. oak (Querens 
alis*) and chestnut 
80% of the eanopy, with the former usually more im 
portant. Although most of the chestnuts are dead, 


many large chestnut trees in these and other high 


form 


elevation forests had at least a few branches living in 
1947. No substantial 


percentage in most stands; of other species Acer ru 


canopy associate reaches any 
The lower-elevation stands 
may have a fair pereentage of mesies—Tilia hetero 
phylla, Prunus serotina, Betula allegheniensis, Aes 
, but few mesie 


brum is most important. 


culus octandra, Fravinus americana 
trees except Fagus grandifolia enter the canopy of 
stands above 4500 ft. The submesie small trees, with 
Halesia monticola joining them here, form 30 to 500% 
of the stems, having taken advantage of the death of 
the chestnuts along with northern red oak. The chest 
nuts were less numerous in submesie stands of higher 
elevations, however, and reproduction and appearance 
have not been altered as mueh by their death as in 
the chestnut oak-chestnut 

Shrub coverage above 4500 ft is low, with Rhodo 


forests. 


and Vaecinium constablaei 


Vaccinium pallidum and V. 


dendron calendulaceum 
the principal species, 
hirsutum oeceur in some stands, especially on ridges, 
Viburnum alni- 
folium are oeceasional. In 100 ft 
Rhododendron calendulaceum is most impertant; but 
most other submesie shrubs appear in some stands, 
Kalmia 


and Vaccinium erythrocarpum and 


forests below 


and Hydrangea arborescens is oceasional, 
latifolia is almost absent from submesie stands above 
3800 ft. Shrub coverage varies from 20 to 50% below 
4500 ft to only 0 to 20% above. 

The herb layer above 4500 ft often resembles closely 
that of south-slope beech stands, but with lower 
coverage, Sedges (Carex spp.) and ferns (mostly 
Athyrium filix-femina v. asplenioides) are abundant. 
A few mesie species, notably Hupatorim rugosum, 
Laportea canadensis, and Aster divaricatus, appear 
along with the submesie and high-elevation submesic 
unions and Potentilla canadensis v. caroliniana. Be- 
low 4500 ft the herb flora is much the same as in 
chestnut oak-chestnut forests, with only the subalpine 
species T'rillium undulatum, Solidago glomerata, and 
Diphylleia cymosa distinguishing the list “rom that of 
the lower type. Herb coverage is 10 to 40% in the 
lower stands, 20 to 60% above 4500 ft. 

8. WHITE OAK-CHESTNUT FORES: 

Below 4500 ft white-oak chestnut forests are sel- 
dom clearly distinguishable from red oak-chestnut. 
Above 4500 ft, however, white oak (Quercus alba*) 
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becomes strongly dominant on some exposed south 
west ridges, with a rather open growth of small trees 
and a fairly rich herb layer with grasses often con 
splenous. In strueture and appearance these forests 
suggest the white oak woods of hills far west of the 
Smokies, though very different in their floristies. In 
some stands chestnut (Castanea dentata) is dominant 
(ef. Cain 1951). 
present; and Carya glabra and Quercus prinus oe 


Querens borealis is almost always 


cur in the canopy at lower elevations. Of the small 
trees Acer rubrum is most important; Orydendrum 
arboreum and Robinia psendoacacia are fairly nu 
merous toward lower elevations. 

The shrub layer is predominantly ericaceous, with 
Rhododendron 
stablaei most important. 


and Vaccinium con 
Kalmia latifolia is frequent 
at lower elevations and is often the 
shrub species there. Shrub coverage is fairly high 


60% and 20 to 50% 


cals ndulace CELL 
most important 


generally 30° to helow above 
1500 ft. The 


( Dryopteris noveboracensis, 


usplenioides) with other herbs of the submesie, sub 


herb stratum is a mixture of ferns 


Ithyrium filir-femina vy. 
high-elevation submesie unions. Grasses, 
latinsculum, and other xerie 


10 to 


xerie, and 
Pteridium aquilinum vy. 
Herb coverage is 
4500 ft. 


species also are prominent. 


50% helow and 20 to 50% above 


Pine Stands and Their Maintenance 


south- and southwest-facing 


Most 
slopes on the Tennessee side of the mountains are 
Usually the 


steep, open 


occupied by pine forest and pine heath. 


population of a single pine stand shows a bimodal 


size distribution; often other modes are represented 


by a few old trees of earlier generations (Fig. 16). 
In these dry sites occasional severe fires destroy the 
forests, and following the fires dense stands of young 
pines develop. As these trees mature, age, and die, 
the canopy is opened; and a new generation of pines 
establish themselves. When turn mature, a 
third generation of seedlings appears, while some 
stems of the first stil] The 
fires in permitting the establishment of 
initial thus the 
maintenance of the pine stands a rhythm of genera- 


these in 


scattered are present. 
effects of 
single-age stands introduces into 
tions which may persist for some time. The compos- 
ite stand counts from mature stands smooth out the 
double-age composition of individual stands, and the 
composite curves then take on the characteristic form 
of self-maintaining (Fig. 6). The 
small-tree stands on disturbed and recently burned 
sites were not included in these counts; but repro- 
duction appears adequate to replace the stands in- 
definitely. 

Since chance may determine the species of pine 
seeds available to restock a stand after a fire, chance, 
as Cain et al. (1937) noted, may determine which of 
the pines available at a given elevation first domi- 
nates the stand. Once dominant, the species tends to 
maintain its dominance through several generations 
while other pines and oaks may gradually inerease to 
approach a balanced stand for that elevation and 
site. Most immature pine stands in the Smokies are 


forests dense 
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Fig. 16. Stand chart for Pinus pungens in a pine 
heath at 4150 ft on Greenbrier Pinnacle, showing peri- 
odie reproduction of stand. 


single-species stands; most mature ones are mixed, 

In the mature stands the oaks, also, are reproduce- 
ing well; but it is by no means certain that the oaks 
and their associates are capable of taking dominance 
from the pines on these sites. It seems likely that the 
mature pine stands are in balance, the pines, with 
a small population of oaks, being all that the dry 
sites will support. The near-absence of oak-chestnut 
forests from open south and southwest slopes below 
4500 ft on the Tennessee side of the Smokies is one 
indication that such may be the ease. Only on shel- 
tered slopes and those of small inclination are oaks 
and chestnuts dominant, or apparently replacing the 
pines as dominants. Even in many of the stands in 
which oaks share dominance with pines, the latter 
are reproducing well. But whether or not the oaks 
might ultimately succeed pines in most sites, the time 
necessary to effect the change exceeds the normal ex- 
pectation of fire on dry mountain slopes in an area 
of summer thunderstorms. 

The fires which have swept the drier slopes of the 
mountains have certainly favored the pines in some 
sites where pines form stands seral to oak-chestnut. 
The same fires that may favor pines in most xeric 
sites, however, favor the shrubs of oak-chestnut heath 
fire alone is not an explanation of the 
pine stands. Fires are part of the environmental 
complexes in which the pine stands and oak-chestnut 
heaths exist, and the stands are scarcely the same as 
those hypothetical stands which might exist in their 
sites in the fire. Both types are, how- 
ever, self-maintaining in their and subxerie 
sites under present conditions; they are not seral. 
relegated to subclimax 


in other sites; 


absence of 
xerie¢ 


Pine stands have often been 
status in the eastern forests, but there are good rea- 
sons for accepting the Appalachian pine stands as 
topographic or edaphic climaxes of their dry and ex- 
posed sites (cf. Braun 1935b, Cain et al. 1937). 

9. VIRGINIA PINE FOREST 


In low-elevation pine stands Virginia or scrub 


pine (Pinus virginiana*) is usually dominant, both 
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in climax stands of south-facing slopes and in the 
many seral stands of old fields on other sites. Pinus 
rigida ordinarily occurs in the mature climax stands. 
important, next to the 
dentata are 


Que reus coccinea is most 


pines. and Castanea 
usually present; and Pinus strobus, Nyssa sylvatica, 
Quercus velutina, and Q. alba oeeur and may enter 
rubrum, 


Quercus prinus 


the eanopy. O.xydendrum arboreum, Acer 
and Quercus marilandica* are the only important 
small-tree species. The trees of these forests are not 
large; stems over 18 in. diameter are rare, and the 
dominants in most stands are only 12 to 15 in. 
Canopy heights in a sample were 50 to 75 ft. The 
forest is open, with about 70% and 
much light admitted through the open canopy to 
lower layers. With their southwest exposures, open 
structure, and partly bare soil, these forests have in 
the afternoon a bright, hot, and arid elimate which 


is in palpable contrast with that of forests in nearby 


tree coverage 


valleys. 

Shrub with 10 to 40% the 
usual range, but pine-heath stands with shrub ecov- 
low The 
ericads, 


coverage is variable 


even at elevations. 
dominated — by 
shrub dominant, but 


erage over 50°. oceur 


shrub stratum is strongly 
Kalmia latifolia is the usual 
Vaccinium vacillans is almost always present and in 
places is dominant. Vaccinium stamineum is_ fre- 
quent, and Gaylussacia baccata is oeeasional above 
2000 ft. 


hbeadlei and the eatbriers, Smilar glauca and 8S. ro- 


The only non-ericads are Jlex montana v. 


tundifolia, 

The herb laver is low in coverage, with 2 to 10% 
Herb species inelude Andropogon 
Pteridium 


the usual range. 


scoparius®, A. virginicus, Panicum § sp., 
aquilinum vy. latiusculum, Tephrosia virginiana*, Bap- 
tisia tinctoria®, Coreopsis major, Sericocarpus aste- 
and S. linifolius*, Aster sp., Solidago sp., 


Antennaria sp., Epigaea repens, and Galax aphylla. 


roides* 


Of these Andropogon scoparius leads in coverage. 


10. PITCH PINE HEATH 

Between elevations of 2200 and 3200 ft pitch pine 
(Pinus rigida* ) most frequently dominates pine stands. 
Quercus coccinea® sometimes shares dominance with 
the pine and is almost always present along with 


Quercus prinus, Castanea dentata, and one or both 


of the other pine species. Nyssa sylvatica oceurs in 
small numbers, and Acer rubrum and Oxydendrum 
arboreum are important small trees. In tree coverage 
and stature the pitch pine stands differ little from 
the Virginia pine forests; but shrub coverage is 
higher at middle elevations. Shrub coverage is 40 to 
70% and is in most cases over 50%; the type is con- 
sequently termed a pine heath. Kalmia latifolia and 
Vaccinium hirsutum* share domi- 
nance in different proportions in different stands; 
stamineum, Gaylussacia baccata, and Lyonia 


vacillans or V. 


and V. 
ligustrina are also important shrubs. Species of the 
xeric union (Andropogon scoparius, Pteridium aquili- 
num Vv. latisculum, Epigaea repens, Gaultheria pro- 
cumbens) dominate the herb stratum; but legumes 
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Coreopsis major, are less 


Herb eover- 


and composites, exeept 
common than in Virginia pine forests. 
age is usually 5 to 20%. 
PINE HEATH 
Toward higher table 
(Pinus pungens*) is more and more frequently domi- 
nant; at the upper limit of the pine heaths it is 
strongly dominant, and other trees oecur only in 
The stands are small, low, and 


ll. TABLE MOUNTAIN 


elevations mountain pine 


small percentages. 
open, Canopy stems are usually only 10 to 15 in. in 


diameter, canopy tree height in a sample was only 
40 to 50 ft, and tree eoverage is usually 70 or 80%, 
Pinus rigida is the seeond most important species, 
but is often absent at higher elevations. Quercus 
coceined, VV. 
sylvatica usually oeeur in small numbers, with Acer 
rubrum, Robinia 
acacia, and Sassafras albidum as small trees, 

The shrub stratum is dominated by Kalmia latifolia 


hirsu- 


prinus, Castanea dentata, and Nyssa 


Oxydendrum arboreum, pseudo- 


or by Vaceinioideae—Vaccinium pallidum, V. 


tum, or Gaylussacia baccata. Vaccinium staminenum 
and Lyonia ligustrina are usually present, and Vae- 
Rhododendron 


floribunda* 


einium constablaei and catawhiense 


occur in some stands. Pieris oceurs to 
ward higher elevations and is occasionally dominant. 
Shrub coverage is high, 60 to 9007; and most stands 
have an open pine eanopy above a dense, low heath. 
Herb coverage is usually 5 to 200. Andropogon 
scoparius is important; but Galax aphylla, Epigaea 
eover 


repens*® and Gaultheria procumbens* lead in 


age, and species of the heath bald herb union occur. 


12. GRASSY BALD 

The most limited vegetation type of the Smokies is 
one of the most distinetive and celebrated. In an area 
valleys and 
latter 
bear patches of grassland on their summits. In reach- 
ing the balds one may climb 3000 or 4000 ft through 
forests, to emerge at last in an open meadow with 
in all directions. The 
abrupt, except that 


where forests continuously clothe the 


ridges and most of the peaks, a few of the 


mountains 
bald is 


full view of the 
change from forest to 
tree stature may decrease up the slopes and along 
the ridges toward the balds. The trees do not thin 
out gradually into the bald, however, but end in a 
where (Vaccinium constablaei, 
Rhododendron  calendulaceum, Lyonia 
Vaccinium pallidum and V. hirsutum) are mixed with 
other shrubs and small trees (Betula lenta, Ame- 
lanchier laevis, Crataegus macrosperma v. roanensis, 
Salix sp., Rubus canadensis, and dwarfed trees of 
the surrounding beech and oak-chestnut forests). 
Beyond the forest-edge the balds are meadows 
where mountain oat grass (Danthonia compressa“) is 
strongly dominant. Grasses introduced when the 
balds were used for pasture (Agrostis alba and 
Phleum pratense) may also oceur. Sedges have been 
reported as dominant in balds in other areas (Wells 
1937) in contact with spruce-fir forests, and are im- 
portant in Andrews Bald, in contact with both de- 
ciduous and spruce-fir forests, in the Smokies. Va- 


forest-edge ericads 


ligustrina, 
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rious herbs are seattered through the grass, Potentilla 
caroliniana® being much the most wide- 
Stachys clingmanii*, Solidago 
and 


canadensis v. 
spread and abundant. 
sp., Prenanthes altissima, Smilax herbacea, 
Houstonia serpyllifolia, which oceur in the high-ele- 
frequent; and some 


Gentiana 


forests, are 
mesic herb species (Rudbeckia 
decora, and Stellaria pubera) oceur here. With these 


vation deeiduous 


laciniata, 


are many introduced weeds—the grasses mentioned, 


Hieracium seabrum, Rumex acetosella, Prunella vul- 
garis, ete. 

Although the balds are primarily herb-layer com 
munities, shrubs oecur at low coverage over most of 
V ac- 


Rhododendron calendulaceum, 


Ruhus 


Tree 


their surfaces, 


cininm canadensis are the 


constablaei, and 
seedlings are almost 
The scattered 


seedlings do not necessarily imply that the balds are 


most important species. 


always present (see Part T, table 4). 


hecoming forest; their suecessional status will be dis 


eussed below. 


The Southern Appalachian Subalpine Forest 
Center 

In the half of the Great 

Mountains, forests of spruce and fir cover nearly all 

In structure and 


northeastern Smoky 
slopes and valleys down to 4500 ft. 
composition these forests resemble those of Canada; 
but they are different. Of the 
dominants, Abies fraseri is a southern endemic, while 
far to the 
than 
in the mountains 

(Harlow & Harrar 
Picea 
tinguished as P. australis Small. 
of the 
southern populations; in 
these include the important shrubs Vaccinium ery- 


floristically quite 


Picea rubens, though it ranges north. is 
Canadian and 
above 1000. ft 
1941). The 


has been dis- 


primarily Appalachian rather 


occurs mainly 
throughout its range 
southern population of rubens 
A large proportion 
species or distinctive 


plants are southern 


addition to Abies fraseri 
throcarpum and Menziesia pilosa and the herbs So- 
lidago glomerata, Senecio rugelia, Geum radiatum 
Michx. Chelone 
Others (Viburnum alnifolium, Clintonia borealis) are 
species of the eastern United States and Canada, while 
a few (Oxalis montana, Sambucus pubens, Sorbus 
americana) are widespread boreal species whose South- 
ern Appalachian populations have not been distin- 
guished. Cain et al. (1937) considered that 25% of 
the woody species are endemic, while 60% extend into 
the Northeast, although many of these are primarily 


Parnassia asarifolia, and lyont. 


Appalachian. 

It consequently seems inappropriate to refer to 
these forests as either boreal or Canadian. The term 
boreal is used in this paper, but only in the loose 
sense in which it may be applied to coniferous forests 
or taiga of both high latitudes and high altitudes. 
Although they gradate into the Canadian forests 
through the Northeast, the Southern Appalachian 
spruce-fir forests seem distinct. Far from _ being 
merely a southern fragment derived from the Ca- 
nadian forests, they may well be a center from which 
some species have spread into the latter. They should, 
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in any case, be regarded as an additional cordilleran 
member of the boreal and subalpine forests of North 
America, with status equivalent to those of western 
ranges (Whittaker 1948, Oosting & Billings 1951). 
The Southern Appalachian subalpine forests are of 
small extent—originally perhaps 1,000,000 acres, now 
much reduced (Korstian 1937)—but admirable vir- 
gin stands are preserved in the Smokies. 
13. RED SPRUCE FOREST 

In their lower elevations the subalpine forests of 
the Smokies are dominated by red spruce (Picea 
rubens*). Fraser fir occurs in most stands except 
those of dry lower slopes, but is a much smaller spe- 
cies than spruce and searcely enters the canopy. The 
only important canopy associate of spruce is high- 
elevation yellow birch (Betula lutea), with 10 to 
15% of canopy stems. Along with birch the small 
trees Acer spicatum, A. pensylvanicum, and Ame- 
lanchier laevis are important, increasingly so toward 
Aesculus oc- 
and 


lower elevations and more mesic sites. 
tandra, Fagus grandifolia, Halesia monticola, 
other cove forest species also occur in some spruce 
forests of lower elevations and more mesic sites. 
Canopy trees are of only medium size, 18 to 30 in. 
diameter for the most part, and of medium height, 
50 to 80 ft in two samples. 

Spruce and fir forests of the Smokies have been 
described also by Cain (1935, Cain et al. 1937) and 
Oosting & Billings (1951), and these studies con- 
tain useful data for stands representing only part of 
the spruce-fir pattern. The more extensive coverage 
of the present work (51 samples) is intended to pro- 
vide limited information on the striking variations 
with site in these forests. Trends in forest composi- 
tion along environmental gradients have been de- 
seribed in Part I. Canopy composition is relatively 
uniform, compared with the forests of lower eleva- 
tions, but undergrowths vary greatly in structure and 
floristic composition. Five “subtypes” will be dis- 
tinguished in the undergrowth as it changes con- 
tinuously along the moisture gradient. Undergrowth 
variations are comparable to those which oceur in 
other boreal and subalpine forests and have been 
recognized in the site-types of Finnish and other 
forest ecologists (Cajander 1909, 1926, 1949; Linkola 
1924; Ilvessalo 1929; Heimburger 1934; Arnborg 
1940, 1953), sociations of Seandinavian phytosociolo- 
gists (Du Rietz 1932), and associations of Russian 
phytocenologists (Katz 1930, 1933; Sukatschew 1928, 
1932; Sokolowa 1935, 1936). The “subtypes” of the 
author differ in manner of definition from these, 
however, and do not include all the soeciations which 
might be recognized (see also Cain 1935). 

Although undergrowth is variable in any topo- 
graphically defined type of site, average under- 
growth coverage and composition are correlated with 
site in the series of topographic subtypes: valleys, 
north slopes, intermediate slopes, south slopes, and 
ridges. In the valley subtype, coverages of moss, 
Oxalis, and low shrubs are generally below 5%. The 
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high herb and high shrub strata are of moderate 
coverage (around 30 and 20%), and various species 
of the mesic and high-elevation mesic unions oceur in 
the former. The subtype of north slopes and flats 
has high coverages of moss and Oxalis (25-55%) and 
moderate ones (5-20%) for low and high shrubs. 
The high herb stratum is strongly dominated by a 
fern (Dryopteris spinulosa v. americana*); other 
herbs are Clintonia borealis*, Aster acuminatus, Se- 
rugelia*, Trillium and Streptopus 
roseus*, These stands show a characteristic layering 
(see Part I), with a five-story structure of ground 
moss (Hylocomium splendens), low herb layer (Oz- 
alis montana), fern (Dryopteris spinulosa v. ameri- 
cana), low shrub (Vaccinium erythrocarpum*) and 
high shrub (Viburnum alnifolium). Acer spicatum 
forms a low tree stratum. 

Coverages for all these strata are less in the in- 
termediate subtype of east- and west-facing slopes; 
moss, Oxalis, and fern coverages in this are usually 
between 15 and 30%, low and high shrub coverages 
between 5 and 10%. In the south-slope subtype, 
coverages for all five strata are usually below 10% 
Species occurring on south 


necio erectum*, 


(Oxalis may be higher). 
slopes, which are rare in more mesic subtypes, in- 
Medeola_ virginiana, Lycopodium lucidulum, 
and Monotropa uniflora, Vaccinium constablaei, Ilex 
montana, and Rhododendron catawbiense. In _ the 
fifth subtype of ridges and steep upper south slopes, 
the Rhododendron heath approaches full coverage. 
Under the heath, coverages for species of the five- 
story undergrowth approach zero, and there are few 
herbs (Trillium undulatum, Gaultheria procumbens, 
Floristically the undergrowths of 
On some 


elude 


Epigaea repens). 
such stands are related to the heath balds. 
ridges the canopy of spruce is open, forming a physi- 
ognomically distinetive spruce-heath transitional to 
the heath balds. In most cases, however, the bound- 
ary between spruce forest and heath bald is relatively 
abrupt. 
14. FRASER FIR FOREST 

Most subalpine forests of the Smokies are mixtures 
of red spruce with southern balsam or Fraser fir 
(Abies fraseri*); but above 6200 ft (1890 m), on 
the upper slopes of the highest peaks, forests are 
dominated by fir alone. Tree composition of these 
forests of extreme elevations is the simplest in the 
Smokies; there is one dominant, the fir, and one de- 
mountain ash americana* ). 
These are the only tree species at the extreme de- 
velopment of the type; but many stands have red 
spruce, and some have yellow birch and other de- 


ciduous tree, (Sorbus 


ciduous species in small numbers. 

Undergrowth varies as strikingly as in the spruce 
forests. Valley sites were nm®t observed at these ele- 
vations. The subtype of north-facing slopes has very 
high coverages of moss and Oxalis (around 90 and 
50%). The Dryopteris stratum is of high coverage 
(40%); and other herbs include Aster acuminatus, 
Clintonia borealis, Solidago glomerata, Senecio ru- 
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gelia, Chelone lyoni, and Geum radiatum. In the in- 
termediate subtype moss coverage is high (80-90%) ; 
but coverages of the other strata are low, usually less 
than 10%. Undergrowth of mesie and intermediate 
forests of highest elevations consists largely of the 
lowest strata of the five-story undergrowth—moss, 
Oxalis, and fern. Shrubs may be almost absent from 
these stands, although Viburnum alnifolium, Sam- 
hucus pubens, Vaccinium erythrocarpum, Menziesia 
pilosa, and Diervilla sessilifolia oceur. 

In the subtype of south facing slopes, moss cover- 
age is 60% or less, and heath coverage is usually 
substantial (40-60%). In the ridge subtype the heath 
(Rhododendron and R. carolinianum) 
approaches full coverage; and other undergrowth is 


catawhiense 


limited to moss coverage of a few percent and seat- 
tered herbs of the heath bald herb union. 

In appearance the fir forests are like no others; 
they are even unlike the spruce forests. The trees 
are quite small—the bulk of canopy stems may be 
7, 8 and 9 in. in diameter with correspondingly 
low height (20 to 40 ft). Stems as large as 12 in. are 
rare. Many of the forests are stagnant pole stands, 
with seedlings and smaller stems numerous, but mostly 
dead. Undergrowth may be sparse; and the forests, 
with their small and rather open canopy, have an im- 
poverished and stunted and 
lichens, however, flourish. They may carpet the floor; 
and trunks and branches of trees and fallen poles 
are coated, crusted, and tufted with them, giving the 
From this, and 


appearance. Mosses 


forests a gray-green, hoary aspect. 
from the small trees and dead seedlings, the forest 
appears appropriate to the subalpine extremity in 
the Appalachians, a dwarf conifer forest which on 
a fair day has a charm of its own but at other times, 
with the summits involved in cloud and a raw wind 
whipping fog through the firs, assumes the bleakness 
of the climate in which it lives. 


Fig. 17. 


Fraser fir forest, near summit of Mt. LeConte. 
Knoxville, Tenn. 
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15. HEATH BALD 
of the most attractive 


becoming when 
=] 


The heath balds are one 
vegetation features of the Smokies, 
Rhododendrons and Kalmia are in 
brated floral epaulets on the shoulders of these moun- 
tains. In the northeastern part of the range, in the 
area of subalpine forests, many of the ridges and 
steep faces bear these shrub communities, which were 
studied by Cain (1930b). are dominated by 
evergreen ericaceous shrubs which approach not only 
full coverage but complete impenetrability in their 
dense thickets of tough stems. The shrub canopy 
may be 10 ft high, but on ridges and summits is 
more frequently 3 or 4 ft. On sharp erests of ridges 
or peaks the heath may be open, with seattered eush- 
ions of Leiophyllum lyoni. 

The balds oceur throughout the elevations of the 
subalpine forests and down to 4000 ft and show con- 
siderable difference in altitude. 
Kalmia latifolia is most important at lower eleva- 
tions, with Rhododendron marimum and R. cataw- 
Clethra 


Viburnum cas- 


bloom the cele- 


They 


composition with 


biense, Aronia melanocarpa : acuminata, 


Vaccinium constablaei, Ilex montana, 


sinoides*, and Smilax rotundifolia, and with Gay- 


lussacia baccata in more open parts. Rhododendron 
marimum is absent above the lower balds, Kalmia 
and most of the other species listed are absent above 
6000 ft. The high-elevation balds are somewhat lower 
Rhododendron ca- 
are dominant, with 
Vaccinium 


in canopy height and more open. 
R. carolinianum 

Vaccinium The low 
erythrocarpum, Menziesia pilosa, and Leiophyllum 
iyoni* occur in the more open parts; and Sorbus 


tawbienese and 


constablaeit. shrubs 


americana appears along the edges. The balds may 
well be divided into two intergrading types, the lower 
dominated by Kalmia latifolia and Rhododendron 
maximum and related to the oak-chestnut heath, the 


a 


Reproduced by permission of Thompsons, Inc., 
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upper dominated by heaths of the subalpine forests 
and related to them. 

The herb stratum of the balds is limited, with cov- 
erage below 5% and in denser stands approaching 
zero. Gaultheria procumbens is the leading species, 
with Galax aphylla, Melampyrum lineare*, Medeola 
Trillium A few other 


species occur along trails. Tree seedlings are com- 


virginiana, and undulatum*. 


monly present—Abies fraseri, Picea rubens, Sorbus 


americana, and Prunus pensylvanica at higher eleva- 
Betula 


Oxydendrum 


tions, lenta, Acer rubrum, Castanea dentata. 


arboreum, Sassafras albidum, Pinus 
Robinia pseudoacacia, and Hamamelis vir- 
giniana at lower. As Cain indicates, there is no rea- 
son to think that the deciduous could take 
dominance from the heath, though the conifers may 


be suecessfully invading some balds. 


punge WS, 


trees 


The: Balds as Topographic Climares? 

Much discussion has centered on the various bald 
types of the Southern Appalachians and the reasons 
for their existence. In relation to the climatie climax 
theory it has been tempting to apply logie to them: 
Forests are climax in the region; the balds are not 
forests; therefore they are not climaxes. Some evi- 
dence may be considered on whether they are neces- 
sarily seral types, or whether the balds may cap the 
climax forest patterns of the Appalachians with non- 
forest climax types. 

The problem of the heath balds in the Smokies has 
been considered by Cain (1930b). In general inter- 
pretation Cain considered them secondary replace- 
ments of forests, in which the trees were destroyed by 
fire, windfall, or landslide, permitting the heath al- 
ready them in these and 
largely exclude tree reproduction by density of cover 
and effects on soil. Since they are fairly stable shrub 
communities, the balds were interpreted as, in this 


beneath sites to elose in 


sense, postclimax. Dead spruces and firs can be seen 
in some balds, suggesting in some cases retrogression 
from forest to heath. 

It seems likely that some of the balds represent 
primary suecession. The high balds of Mt. Le Conte 
and its spurs have bare rocks along the ridges, with 
lichens, mosses, and tufts of grass invading them. 
Seattered cushions of Leiophyllum lyoni surround the 
bare area. Farther from the crest of the ridge these 
have closed in; still farther they are over-topped by 
the higher heath species, which form a continuous 
shrub canopy and exclude Leiophyllum from the dense 
heath of the slopes. The soil grades from absent 
or a thin crust on the ridges to a thick peat below. 
It seems unlikely that a soil which once supported a 
secondarily lost from under the 
shrubs. The soil and vegetation structure of the 
balds better explained by assuming that pri- 
mary succession is still in progress on some of these 
high ridges. Once the heath is established, the highly 
acid, podsolized soil described by Cain and the dense 
shrub canopy should retard forest invasion and tend 
to maintain the heath. Spruce and fir appear to be 


spruce-heath was 


seem 
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Heath bald and succession, on a spur of Mt. 
Reproduced by permission of Thompsons, Ine., 
Tenn. 


Fig. 18. 
Le Conte. 
Knoxville, 
invading the edges of some of the balds. In most 
of the balds, however, such invasion is proceeding 
very slowly at best; and in many of the balds there 
is no convincing evidence that the conifers are, or 
are capable of, occupying the site. 

The balds are thus probably successional, in part. 
Some represent primary successions and others re- 
sult from destruction of the forest canopy; some of 
these will probably develop, or will return, to forest. 
Many of the balds, however, are relatively stable 
communities; they seem clearly to be self-maintaining 
stands under present conditions, and therefore cli- 
max in this sense. In relation to Clementsian theory 
they may be considered long-arrested seral types— 
i.e. serclimaxes. The author would prefer to regard 
them as topographic climaxes in accordance with the 
polyclimax theory or, in the pattern interpretation 
of this paper, simply as parts of a complex climax 
pattern. 
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The heath balds are characteristically communities 
of exposed summits and ridges, especially ridges with 
steeper slopes and those with axes sloping toward the 
south or west. Although heath balds oecur on slopes 
of all orientations below peaks and 
greatest extent is on slopes of south and west expo- 


ridges, their 


sure. This pattern of occurrence suggests that effects 
of exposure are critical. Precipitation is high at the 
elevations of the balds; but on these summits and 
ridges much of the water from summer thunder- 
showers is lost by surface run-off and much of the 
rest by sub-surface drainage down the slopes. The 
balds are fully exposed to drying effeets of winds. It 
seems likely that these edaphie and climatic conse- 
quences of their exposed positions are responsible for 
the existence of the heath balds. 

A number of naturalists—Harshberger (1903), 
Davis (1930), Camp (1931, 1936), Fink (1931), 
Cain (1931), Wells (1936a, 1936b, 1937, 1946), and 
Brown (1941, 1953)—have reported on the grassy 
balds and speculated on their Clements 
(1936) held the unshared opinion that they were 
produced and maintained by fire; Gates (1941) sug- 
gested killing of oaks by gall-flies at high elevations 
as their Wells them 
cleared as camp-sites and lookouts by the Cherokee 


history. 


cause ; considered man-made, 
Indians. Other authors have considered them natural; 
Camp suggested that exposure to drying westerly 
winds during the late-summer dry season was criti 
eal. Clearing by Indians has been doubted by Fink 
because of the labor involved for stone-age men and 
by Brown (1941) because of the lowland habits of 
the Indians. Cain observed that the grassland soil 
is rich and deep, too deep for the balds to have been 
that the 
growth rings of trees on their margins indicate that 


formed in recent history, and eccentric 
these trees have been in their present positions in re- 
lation to the forest-edge for nearly a century. Brown 
(1953) found conifers capable of growing in a grassy 
bald on Roan Mountain, and suspected that failure 
of seeds to germinate or of seedlings to survive in 
the balds may inhibit their invasion by forest. 

Camp has suggested that the grassy balds were 
originally meadows with ericaceous islands and over- 
growth, the ericads and grasses sharing dominance. 
A number of introduced Eurasian plants appear in 
the balds now; and, whether or not they are “climax,” 
the balds are not the same natural communities they 
were before they were grazed. Close similarity of the 
vegetation of the balds with the cleared fields of the 
Smokies (Spence and Russell Fields) might suggest 
that the grassy balds also were cleared by man at 
some time in the past. This same similarity may only 
imply that similar grassland communities are able 
to exist at high elevations in these mountains in the 
absence of trees, whether the trees are naturally ex- 
eluded or artificially removed. Tree invasion is evi- 
dent in the cleared fields, but is proceeding slowly, if 
at all, in the grassy balds and probably in response 
to recent climatic amelioration (Brown 1941). The 
positions of the balds, their forest-edges, and rela- 
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tion to adjacent forests suggest natural causes. They 
are suggestive of the balds and false timberlines on 
isolated ranges of the West (Rydberg 1913, Dauben- 
mire & Slipp 1943, Merkle 1951), where the tree line 
is depressed below its normal elevation for the lati- 
tude. Grassy mountain summits above a pattern of 
deciduous (beech) and pine forests are reported also 
from the Crimea (Poplawskaja 1933). 

All grassy balds of the Smokies are at fairly high 
elevations, on peaks or points, in contact with high- 
elevation deciduous forests. Usually the balds cap the 
peaks; but, in six of them which were paced off and 
mapped, the longer axis or greater extent down the 
slope was always toward the south, southwest, or 
west. This orientation, together with the fact that the 
stunted oak-chestnut 
on southwest ridges below some of them and the fact 


most and open forests occur 
that in the cleared fields tree invasion is more evident 
along north and east edges and in draws than along 
south and west edges, suggest that climatic factors 
connected with south and west exposure are eritical. 
than the heath 
of most exposed summits are affected by water loss 
through to the full 
winds, with no obstruction to the west. It seems likely 
that 
balance from the 
To this fact that the 


forests involved are high-elevation members of 


Kven more balds these communities 


run-off and exposure force of 


resulting conditions of unfavorable moisture- 


have exeluded trees erassy balds. 
deciduous 
their 


group, of reduced stature, and perhaps well beyond 


may be added the 


favorable conditions of temperature and growing 
season. 

Relations of the grassy balds to deciduous forest 
in the southwest half of the range and of the heath 
balds to spruce-fir forest in the northeast half of the 
The heath 


and 


range are similar. balds, however, are 


much extensive contact deciduous forest 
types as well as spruce-fir forests. Without drawing 


too close a parallel between the two bald types, both 


more 


may be thought climax vegetation types of the two 


“systems” developing in related conditions of ex- 
treme exposure. 


DISTRIBUTIONAL RELATIONS 


THE MOSAIC CHART 

As a final step in the analysis, disposition of the 
types described upon the topography of the Smokies 
may be studied. The pattern, with the complexity of 
sites and variety of types, cannot be a simple one but 
may be based upon the two major gradients of ele- 
vation and site. Reduction of environment to two 
complex-gradients requires various assumptions and 
simplifications; but, for the special conditions within 
the Smokies, these seem within reason. 

The method of developing the pattern may be 
described as the mosaic chart. The two major gradi- 
ents were used as axes, with elevation from 1500 to 
6600 ft (460-2010 m) on the ordinate, moisture-bal- 
ance as indicated by site on the abscissa. The sites 
in the Smokies were arranged along the gradient in 
five steps by topographic and climatic considerations : 





(2) 
open shallow valleys and flats, smaller ravines and 
draws ; 


(1) deep coves and valley flats, deep canyons; 


(3) lower sheltered slopes of valleys; (4) 
open slopes; and (5) ridges, summits, and peaks. 
Open slopes were further subdivided by orientation 
from the northeast to southwest. The 
overlap of the site groups, due to complexity of to- 


mesic xeric 
pography, different sizes and forms of valleys, differ- 
ent degrees of exposure of slopes and ridges, ete., 
is evident. But on the whole, these steps form a 
series with roughly graded conditions of exposure 
and moisture-balance, a topographic gradient along 
which distribution of vegetation types can be studied. 

With the framework of the chart set up in terms 
of the major gradients, the 300 site-samples were 
The 
samples had been classified into the 15 types and 
transitions between them. Subtypes distinguished by 
lower strata were plotted in the high-elevation for- 
ests; and degree of slope and percentages of key tree 


plotted by topographic position and elevation. 


species and groups were entered for each sample. 
Isorithms for each of the moisture-balance classes of 
the eastern forests were drawn, and lines for certain 
important species were drawn in—hemlock and beech, 
spruce fir. The percentage values well 
scattered; but intermediate positions for the iso- 
rithms, reflecting average conditions of many sites, 


and were 


were sought. The two systems at high elevations were 
plotted separately because of their overlap along the 
gradients. 

The result was a gratifying reduction to pattern 
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of the complex vegetation; the final charts are pre- 
sented as Figs. 19 and 20. About 40 of the 300 site- 
samples were outside the lines drawn for their types, 
A few the pattern be noted, 
Gentle slopes often support vegetation a step less 


limitations of may 
xeric than indicated on the pattern. Although sharp 
peaks are more xeric than slopes below them, rounded 
or level summits may support more mesic vegetation 
than their south slopes. The beech gaps in certain 
coneave slopes in the subalpine forests are not indi- 
cated in the pattern. The two bald 
types appear in similar topographic positions for 


boreal forest 
the two systems, but are shown in contact with only 
The contact indieated 
is the critical one of the most closely related type, 
the bald 
Other types meet the balds on other slopes through 


one other type in each ease, 


normally adjoining on the south slope. 
abrupt transitions, and the grassy balds thus con- 
tact and The heath 


balds may come in contact with oak-chestnut and pine 


red oak-chestnut beech forests. 
heaths and oceasionally with oak-chestnut and hem- 


lock 


is telescoped, as along a sharp ridge, two types 


forests. Wherever the environmental gradient 
whether adjacent ones or not may meet with a tele- 
scoped transition between them. 

One noteworthy feature of the pattern is the ex- 
pansion of mesic forests toward higher elevations. 
Vertical lines on the chart extend through topo- 
graphically similar sites at different elevations, but 
not through sites of similar moisture-balance. Change 
of moisture conditions in topographically similar 
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sites toward higher elevations is indicated by the 
curving boundary of the eove forest grouping. The 
boundary between and fir 
oblique, and the lower boundary of the subalpine 
forests is slightly oblique. Sinee valleys may be some- 


spruce dominance is 


what cooler than open south-facing slopes at a given 
elevation, occurrence of spruce 2-300 ft lower in val- 
leys would be expected. If the lower limit of spruce 
were largely dependent on moisture conditions, the 
boundary should be much more steeply oblique than 


is the case. Factors of temperature or growing sea- 
son closely correlated with elevation appear to be of 
primary importance in determining the lower limits 


of spruce, rather than moisture conditions as sug- 
gested for subalpine forests in the Rockies (Dauben- 
mire 1943). 


DISTRIBUTIONS OF TYPES 

Topographic distributions of types on the north- 
west slope of the Smokies may be summarized: 

1. Cove hardwoods forest. At low elevations cove 
forests are restricted to valleys and lower slopes, 
with cove forest 
vines and flats of shallow valleys. 
elevations cove forests spread outward on sheltered 


transition occupying smaller ra- 


and northerly slopes, occupying all valley sites ex- 
cept dry, open draws on south slopes. The upper 
limit is near 4500 ft, where either spruce or beech 
usually becomes dominant. The cove forest transition 
extends from its lower sites upward on the xerie side 
of hemlock, to become above 2500 ft a transition be- 
tween hemlock and oak-chestnut forests. 


Fig. 21. Topographie disposition of vegetation types. 
View of idealized mountain and valley, looking east, 
with 6500-ft peak bearing subalpine forest on left, 
lower 5500-ft peak covered up to summit bald with de- 
ciduous forest on right. Vegetation types: 

BG—Beech Gap OH—Oak-Hickory Forest 
CF—Cove Forest P—Pine Forest and Pine 
F—Fraser Fir Forest Heath 
GB—Grassy Bald ROC—Red Oak-Chestnut 
H—Hemlock Forest Forest 
HB—Heath Bald S—Spruce Forest 
OCF—Chestnut Oak- SF—Spruce-Fir Forest 
Chestnut Forest WOC—White Oak-Chestnut 
OCH—Chestnut Oak- Forest 
Chestnut Heath 


2. Eastern hemlock forest. At elevations below 3500 
ft hemlock stands oceupy valley flats which are ele- 
vated above or remote from the stream. Toward 
higher elevations, as cove forest oceupies these sites, 
hemlock moves up on sheltered northerly slopes and, 
still higher, onto sheltered southerly slopes and ridges. 


Toward higher 
GC 
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Throughout its range, as the cove forests expand to- 


ward higher elevations, hemlock moves ahead into 
sites which are one step less mesic. 

3. Gray beech forest. The south-slope subtype with 
sedge floor occupies gaps, draws, and coneave shel- 
tered slopes facing southeast through south to west 
1500 ft. 
or beech-mixed canopy and herbaceous floor occupies 
Outside 


the range of spruce forests the north-slope subtype 


above The north-slope subtype with beech 


comparable sites of northerly orientation. 
occupies open northerly slopes. 


1, Red oak-pignut 
forests in the Smokies are 


hickory forest. Oak-hickory 
restricted to the 


slopes of the range, where they oceur in draws and 


lower 


ravines, on sheltered northerly slopes, and on lower 
sheltered southeast and west slopes. 

5. Chestnut oak-chestnut Sheltered south- 
erly and open northerly slopes are occupied by chest- 
nut oak-chestnut 
middle 


forest. 


forests at lower elevations, but to- 
oak-chestnut 
pands to replace them on most open slopes and some 
The oak-chestnut 
expand at the same time to take the place of oak- 


ward elevations the heath ex- 


sheltered southerly ones. forests 
hickory on sheltered slopes and in draws, and to ad- 
join cove forest transition. At 3700 ft chestnut oak- 
chestnut forests occupy a wide range of sites from 
draws through sheltered slopes to open northerly 
slopes; above that elevation they are replaced by red 
oak-chestnut forests. 

6. Chestnut heath. At 
tions the type occupies intermediate slopes. Toward 


oak-chestnut lower eleva- 
middle elevations, above 2000 ft, it expands to oceupy 
most open slopes except south and southwest ones. 
Toward higher elevations chestnut oak-chestnut for- 
ests occupy some of the open slopes, and above 3700 
ft the oak-chestnut heaths drop out with expansion 
of oak-chestnut forest and replacement of chestnut 
oak by red and white oaks. 

7. Red oak-chestnut forest. Red oak-chestnut for- 
ests occupy sheltered southerly slopes, more xerie 
than those occupied by hemlock, and open northerly 
slopes above 3700 ft. Toward higher elevations they 
occur on open slopes while hemlock occupies the 
sheltered ones; and above 4500 ft red oak-chestnut 
occupies open intermediate and southerly slopes as 
beech forests occupy open northerly slopes. Outside 
the range of spruce, high cols and ridges, except the 
most exposed ones, bear red oak-chestnut. 

8. White oak-chestnut 
than those covered by red oak-chestnut are occupied 
by red and white- or white oak-chestnut forests. Be- 
low 4500 feet white oak-chestnut occurs on some open 
southeast and west slopes. Above 4500 ft open south 


forest. Slopes more xeric 


and southwest slopes and some exposed ridges and 
summits support white oak-chestnut. 

9. Virginia pine forest. South- and southwest-fac- 
ing slopes and summits of low hills bear Virginia 
pine forests, and successional stands are frequent 
on other sites. Virginia pine extends above 2300 ft 
but seldom dominates stands above that elevation. 

10. Pitch pine heath. Open south and southwest 
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slopes and some ridges support pitch pine stands 
between 2200 and 3200 ft. Individual stands domi- 
nated by pitch pine may be found at any elevation, 
but are uncommon at higher and lower elevations. 

11. Table mountain pine heath. Pine heaths above 
3200 ft oceupy open south and southwest slopes 
and some ridges, and are usually dominated by table 
mountain pine. Few pine stands oceur above 4500 
ft, but some appear on exposed slopes up to 4700- 
4800 ft. 

12. Grassy bald. The grassy balds are restricted to 
the highest elevations and most exposed points out- 
side the range of spruce, where they appear on sum- 
mits and extend a short distance down the south and 
west slopes of peaks. 

13. Red spruce forest. The spruce forests are re- 
stricted to the northeast half of the range and occur 
there above 4500 ft, occupying all sites except those 
of beech gaps and heath balds. Red spruce is domi- 
nant in subalpine forest stands at lower elevations— 
below 5500 to 6000 ft, depending on site. Under- 
growth subtypes of red spruce and Fraser fir forests 
have been related to topography in the preceding de- 
scriptions. 

14. Fraser fir forest. Above about 6000 ft fir is 
dominant; and all available sites except the extreme 
exposures of heath balds are occupied by it, with 
subtypes similar to those of red spruce forests. 

15. Heath balds. Heath balds occur on sharp ex- 
posed ridges, peaks, and points above 4500 ft and 


locally down to 4000 ft. Ridges pointing south and 
west are especially likely to bear them, and they ex- 
tend farther down south and west slopes on other 
ridges. They may oceur, however, wherever slope is 


steep and exposure great. 
DISTRIBUTION OF SUBALPINE FORESTS 

One aspect, a most interesting one, of the distribu- 
tion of types remains. In the northeast half of the 
range sites above 4500 ft, with some exceptions, are 
oceupied by forests of spruce and fir. Southwest of 
the middle of the range, not far beyond Clingmans 
Dome, spruce-fir forests are absent from the high 
mountains even though considerable areas above 4500 
ft exist there. In the southwestern Smokies the place 
of the subalpine forests is taken by high-elevation 
deciduous forests—beech-mixed and beech in mesic 
sites, red and white oak-chestnut in more xeric ones. 
The change between the two halves of the range is 
not one of gradual tapering away and dilution of the 
spruce-fir forests toward the south but of their pres- 
ence, with full dominance, in one area and complete 
absence in the other. Climates in the two halves of 
the range cannot differ greatly, for vegetation pat- 
terns below 4500 ft are the same. Precipitation above 
4500 ft may be less in the southwestern half of the 
range, but there is no reason to doubt that the high 
slopes of these mountains could support spruce-fir 
forests. The fact that they do not do so is a striking 
example of failure of physiognomic convergence of 
vegetation in similar climates (ef. Beadle 1951). 


Ecological Monographs 
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Of the historical interpretations which might be 
offered, one seems most adequate and is based on to- 
pography of the mountains. Observation of a map 
of the Smokies reveals a suggestive correlation: 
Clingmans Dome, southwest of which the last red 
spruce grow, is the high point of the range and the 
first of a series of peaks extending above 6000 ft 
along the ridge to near the northeast end of the 
range. The spruce-fir forests grow on these high 
peaks and on the adjacent ridges, slopes, and valley 
sites down to 4500 ft. The highest points south of 
Clingmans Dome are Thunderhead Mountain and 
Silers Bald, 5530 and 5620 ft, which support decidu- 
ous forests only and, on their peaks, grassy balds. 
The spruce-fir forests are limited to that part of the 
range where peaks above 5700 ft oceur (Fig. 22). 
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Fig. 22. Profile of Great Smoky Mountains to illus- 
trate hypothesis on southern limit of Appalachian 
spruce-fir forests. Distribution of spruce-fir forests on 
higher peaks in northeast half of the range is indicated 
by diagonal shading. Grassy balds are indicated by 
black caps on lower peaks of the southwest half of the 
range, otherwise covered by deciduous forest. Climatic 
warming during the xerothermiec period sufficient to dis- 
place the lower limits of spruce-fir forests upward from 
4500 ft to approximately 5700 ft would account for 
present distribution of these forests. 





The survival of spruce-fir forests in the area of 
higher peaks may be thought to have been dependent 
on these peaks, where the forests could find sane- 
tuary during the xerothermic period. If, in the warm 
period following the last glaciation, temperatures 
rose sufficiently to displace the spruce-fir forests up- 
ward by 1000 ft or a little more—implying a mean 
temperature rise of 2° or 3° F (Shanks 1954)—their 
absence south of Clingmans Dome would be accounted 
for. A somewhat greater warming, with a displace- 
ment upward of 1300 ft, would still permit spruce to 
survive on summits near 6000 ft and fir and moun- 
tain ash to exist with it on northeast slopes of the 
peaks only a few hundred feet higher. 

Of the history of high-elevation vegetation in the 
Smokies, it may be suggested that the spruce-fir 
forests extended farther south during glaciation than 
at present—how much farther can searcely be 


guessed. During the last xerothermie period they 
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were pushed upward to 5600-5800 ft elevation and 
were pushed off the tops of the lower peaks south of 
Clingmans Dome. As the climate cooled again, the 
forests advanced down the slopes from the higher 
northeastern peaks where they had had found sane- 
tuary and reoccupied the land above 4500 ft. South- 
west of Clingmans Dome absence of spruce forests 
would leave mountain surfaces above 4500 ft avail- 
able for those species of the eastern forests best 
adapted to high-elevation conditions—gray beech, 
northern red and white oaks, and chestnut particu- 
larly—while other deciduous species were displaced 
downward by the cooling climate. The spruce forests 
should have been moving southwest along the ridge 
from Clingmans Dome in the 4000 years since the 
peak of the xerothermic period (Flint 1947), but are 
perhaps retarded or halted by the extensive beech 
forests of Double Spring Gap. 


RELATION OF THE VEGETATION PATTERN TO THOSE OF 
OTHER MOUNTAIN RANGES 

Most of the site-samples were for the northwest or 
Tennessee side of the Smokies, and the pattern de- 
rived applies to that side. The vegetation pattern of 
the southeast side is closely similar; but mesic for- 
ests are more narrowly restricted to valleys, and pine 
stands are much more limited. The apparent incon- 
sistency, with both mesic and xerie types reduced, 
should be due to effects of the mountains themselves 
on climate. Because of the rain-shadow effect, there 
is less precipitation to the southeast to support mesic 
valley types; but the open slopes and ridges are 
somewhat protected from the westerly winds which 
contribute to the dryness of pine sites on the north- 
west side. The result is an expansion of intermediate, 
oak-chestnut types at the expense of the extremes on 
the southeast, as compared with the northwest side 
of the range. Farther east of the Smokies in the 
Blue Ridge, the oak-chestnut grouping is further 
expanded as a prevailing climax, and mesophytie 
communities are very restricted. 

West from the Smokies in the Cumberland Moun- 
tains, the mesophytie portion of the pattern expands 
to become prevailing climax, while oak-chestnut and 
pine types are much restricted (see also Part II). 
Seen from the Smokies the vegetation of the Cumber- 
lands is a somewhat reduced, more highly mesophytie 
version of the Smokies pattern, to which are added 
low-elevation types not recognized: in the Smokies. 
Seen from the Smokies the vegetation of the Blue 
Ridge is a comparable transformation by expansion 
of the oak-chestnut types and contraction of the 
mesophytic communities. Seen from the Cumber- 
lands the pattern of the Smokies represents a re- 
duction of the mesophytie part of the pattern and 
expansion of oak-chestnut, and a transition toward 
the oak-chestnut prevailing climax of the Blue Ridge 
and beyond. 

Changes in. vegetation patterns along climatic 
gradients and from one mountain range to another 
may be interpreted on the basis of changes in relative 
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importance of species, groups of species, types, and 
parts of vegetation patterns (see also Part II). Se- 
mantic limitations of such interpretation may be evi- 
dent. Expansion in one direction is, with equal 
justice, contraction in the other. The types and parts 
of vegetation patterns which expand and contract 
are subjectively chosen fractions of the whole pat- 
terns. A type or part of a pattern which is treated 
as the same in different mountain ranges is not really 
the same; and the further apart the two ranges are, 
the less meaningful it is to treat it as the same. Such 
interpretation offers an alternative to that based on 
climax regions and ecotones, however, and may do 
more justice to the complexities and relativities of 
vegetation patterning (cf. the mosaic interpretation 
of Krause 1952). 

Five major forest groupings of the eastern United 
States meet in the Smokies and contribute to the va- 
riety of their vegetation pattern. Vegetations of 
other ranges north and south along the Appalachians 
are suggestive in part of reduced versions of the 
pattern of the Smokies (or of the Cumberlands or 
Blue Ridge). Thus Raup (1938) describes a pattern 
in the Black Rock Forest of New York which may be 
compared with that of the Smokies: mixed hard- 
woods and hemlock hardwoods in mesie sites (swamp 
types also occur), red oak and chestnut oak forests 
on slopes, white oak-pignut hickory on _ northerly 
faces of hill tops, and pitch pine-serub oak (Q. ilici- 
folia) on southerly faces. Southern exposures of 
summits have small areas of natural meadow inter- 
spersed with scrub oak, suggestive of grassy balds. 
Because in the Smokies an Appalachian vegetation 
pattern of maximum diversity appears, intermediate 
to the mixed mesophytie and oak-chestnut prevailing 
climaxes of the Cumberlands and Blue Ridge, the 
author has regarded the vegetation of this range as 
“central” to that of other Appalachian Mountains 
not too distant. 

The Southern Appalachians have long been recog- 
nized (Adams 1902; Harshberger 1903, 1911:198, 
209-211) as a geographic center for the forests of the 
eastern United States. In the interpretation of Braun 
the Appalachian center has been given special promi- 
nence, and the Mixed Mesophytie Region in and 
around the Cumberland Mountains is regarded as the 
center. It is Braun’s thesis (Braun 1950:39) that 
“The Mixed Mesophytie association, which charac- 
terizes this region, is the most complex and the oldest 
association of the Deciduous Forest Formation. It 
occupies a central position in the deciduous forest as 
a whole, and from it or its ancestral progenitor, the 
mixed Tertiary forest, all other climaxes of the de- 
ciduous forest have arisen.” The choice of which of 
two ranges of the Southern Appalachians is to be 
designated as central is not a matter of great mo- 
ment. With due respect for the case for the Cumber- 
lands developed by Braun, certain other considera- 
tions related to the Smokies and the Unaka Moun- 
tains of which they are part, may be mentioned. 

1. “Centers” are products of human interpretation 
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and, like such other concepts as “association” and 
“climatic climax,” should not be taken for granted. 
Designation of a center may be thought meaningful 
only as the criterion or criteria (Adams 1902, Cain 
1944) one chooses to define a center are stated. 

2. There is no reason, a priori, for locating a center 
in an area possessing a well-defined prevailing or 
climatic climax. If, on the other hand, diversity is 
regarded as a primary criterion, then location of 
centers in areas like the Smokies with vegetation too 
varied to possess a well-defined prevailing climax is 
perhaps to be expected. 

3. Designation of one area, the Smokies, as transi- 
tional between other areas which are non-transitional 
seems of little intrinsic meaning. Areas of great 
vegetational diversity are most conveniently regarded 
as transitional in a framework of thought which in- 
cludes climatic climaxes and climax regions as major 
These concepts should not necessarily be 


concepts. 
applied to the biogeographic problems of “centers.” 


4. A traditional primary criterion of a_ center, 
though not the only possible one, is biotic diversity- 
richness in species in general, or in a_ particular 
group being’ studied. Some secondary criteria are 
features usually associated with areas of maximum 
biotic diversity—age of the area, wide range of habi- 
tats, and occurrence of narrow endemism among its 
species. 

5. The greater ranges of elevation and moisture 
conditions of the Smokies imply greater floristic di- 
versity, as well as greater variety of vegetation types. 
This fact, as well as the secondary criteria mentioned, 
may point to the Smokies rather than the Cumber- 
lands as “central” for the Southern Appalachians. 

Both ranges are doubtless to be regarded as parts 
of the broader Southern Appalachian center. Within 
this area the different criteria of Braun and the au- 
thor lead rather naturally to their different emphasis 
of the Cumberlands and the Smokies. A major con- 
cern of the present paper is with vegetation patterns 
in relation to environmental gradients, and it is 
thought that in the Smokies the eastern forests show 
their greatest diversity and differentiation into types 
within a limited area. The pattern is doubtless one of 
the most complex on the continent. Also in the Siski- 
you Mountains and Klamath Region, somewhat com- 
parable forest center of the West, an observer is at 
first overwhelmed by variety of vegetation types; but 
this variety is expressive of climatic gradients and 
variety of soil materials as well as of elevation and 
local moisture conditions. The author knows no pat- 
tern of climax vegetation, occurring within a limited 
area on relatively uniform soil materials, more varied 
than that of the Great Smoky Mountains. 


SUMMARY 


I. Gradient Analysis 

1. Vegetation of a range of the Southern Appa- 
lachians, the Great Smoky Mountains of Tennessee, 
was analyzed. Field transects, with samples taken at 
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fixed intervals along environmental gradients, and 
site-samples taken widely through the vegetation 
pattern as an approach toward randomization, were 
used as means of vegetation sampling unprejudiced 
by assumptions about associations. 

2. Arbitrary classes or ecological groups of tree 
species and weighted averages based on these classes 
were used for indication of relative positions of 
stands along the moisture gradient. The site-samples 
were arranged into composite transects, showing the 
relation of plant populations to environmental gradi- 
Major environmental gradients, those of eleva- 
moisture conditions of site, are conceived 
interrelated factors 


ents. 
tion 
as complex-gradie nts of 
affecting plants. 

3. The sequence of vegetation types from mesic 
sites to xeric at low elevations is: cove forest (mixed 
mesophytic), oak-hickory forest, oak-chestnut forest, 
oak-chestnut heath, and pine forest. Deciduous trees 
other than oaks predominate in mesic sites, oaks in 
intermediate sites, and pines in xeric sites; but rela- 


and 
many 


tive proportions of these growth-forms change con- 
tinuously along the moisture gradient through the 
various types. Along the same gradient, stature of 
trees and canopy coverage in general decrease; but 
the number of tree stems is greater in xeric sites than 
in mesic. At all points along the gradient, undis- 
turbed forest stands are self-maintaining; and a 
curve relating stem numbers and diameters in these 
all-age, climax stands is suggested. Diversity, or 
richness in species, of the tree stratum is maximal in 
low-elevation stands transitional between for- 
ests and oak forests; and diversity values decrease 
with increasing departure from these stands toward 
and toward 


cove 


more mesic or more xerie conditions 
higher elevations. 

4. Coverage of the shrub stratum in general in- 
creases along the moisture gradient toward xeric 
sites. Deciduous, non-ericaceous shrubs predominate 
in mesic sites, evergreen ericaceous shrubs in interme- 
diate sites, and deciduous ericads (Vaccinioideae) in 
xeric sites. With increase of shrub coverages along 
the gradient, herb coverages decrease; coverages for 
the two strata are inversely related. Ferns and deli- 
cate, umbrella-shaped herbs prevail in mesic forests 
but decrease in coverage along the moisture gradient 
as other herb growth-forms (rosette plants, grasses, 
ground heaths, ete.) increase. Herb coverages in gen- 
eral increase toward higher elevations, but shrub 
coverages are more complexly related to elevation. 

5. In subalpine forests Picea rubens is dominant 
from 4500 ft up through the lower part of the for- 
ests; Abies fraseri is dominant above 6000 ft. Sub- 
alpine forests show limited difference in canopy com- 
position along the moisture gradient but striking dif- 
ference in undergrowths. The same herbs and shrubs 
as those in mesic deciduous forests appear in valleys; 
a complex undergrowth of five strata (Hylocomium, 
Oxalis, Dryopteris, Vaccinium, and Viburnum) o0e- 
curs on north and east slopes and decreases in cover- 


age around to west and south slopes; and a dense 
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Rhododendron heath occurs in spruce-fir stands on 
ridges. 

6. Species populations have for the most 
rounded and tapered curves of population distribu- 
tion along environmental gradients; these curves ap- 
pear to be of binomial form. Both centers and limits 
of population curves for different species are well 
Natural clustering of 


part 


seattered along the gradients. 


populations into groups of associated species is ab- 


sent or weakly developed. Vegetation types are, with 
some exceptions, fully continuous with one another. 
Distributions of undergrowth species do not corre- 
spond to those of dominant species, and change in 
floristic composition of communities is continuous 
through vegetation types defined by dominant species. 


II. Discussion: An Interpretation of Vegetation 
Patterning 

7. The distributional pattern of a species to some 
extent expresses the genetic pattern of that species. 
Certain major species in the Great Smoky Mountains 
consist of two or more ecotypes; and distributions of 
species are significantly affected also by occurrence 
of clines, introgressive hybridization, polyploidy, and 
apomixis. “Competition” may affect distributional 
patterns in various ways: (1) formation of a plateau 
distribution with competition occurring within the 
species, (2) depression of population levels through 
competition with other species, (3) competitive split- 
ting of a species distribution, and (4) displacement 
of the environmental mode from the physiological 
optimum. 

8. Species are distributed not in terms of associa- 
tions, but each according to its own physiology and 
genetic pattern, and hence no two alike. The as- 
sumption that species are organized into associations 
as real units, designated the association-unit theory, 
is rejected in favor of the individualistic hypothesis 
of Ramensky and Gleason. Vegetation may be inter- 
preted as a complex and largely continuous popula- 
tion pattern. 

9. The condition of continuous population change 
along continuous environmental gradients in natural 
communities is termed gradation. In gradating vege- 
tation, some community-types are conveniently de- 
fined by one dominant species or the distributional 
overlap of two dominant species. Associations de- 
fined by several species may be conceived as group- 
ings of character-species (or of dominant species) 
with their population modes close together in relation 
to environmental gradients. Species thus related may 
be termed commodal, and a group of such species 
may be termed a commodium. 

10. Some vegetation types of more extreme en- 
vironments are separated from the rest of the vegeta- 
tion pattern by relative discontinuities. These dis- 
continuous types or zones may be characterized by 
flattened or “plateau” distributions of dominant spe- 
cies or growth-forms. Zonation is distinguished from 
gradation as a tendency toward partial segmentation 
of the vegetation continuum. “Ecotones” are not in 
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any very real sense boundaries between communities ; 
they are communities themselves and may often be 
characterized by commodal groupings of smaller 
woody species. 

11. Climax vegetation is interpreted as a 


continuum or climax pattern, rather than as a single 


whole 


climatie climax or set of polyelimaxes. The moisture- 
gradient pattern permits comparison of climax char- 
acteristics of different 
of dominant growth-forms, species diversities, rela- 


elevations or areas in terms 
tive importance of species and species groups, ete. 
Three quantitative approaches to the “climatic cli- 
max” are climax composition, 


suggested: average 


prevailing climax type, and intermediate climaa 
stand. 

12. Associations are not communities; they are 
community-types or classes of communities, and hence 
conceptual units which should not be thought in- 
herent in vegetation itself. A necessary complement 


to the classificatory approach is one considering 

vegetation patterns as wholes. The approach of re- 

lating gradients of plant populations and community 

characteristics to gradients of environment is termed 

gradient analysis. 

III. Vegetation Types and Their Distributional 
Relations 

13. Vegetation types of the Great Smoky Moun- 
tains are defined as units of recognized subjectivity 
by criteria of physiognomy and dominance. Charac- 
are designated for the types, so far as 
Fifteen climax vegetation types are de- 
scribed. The relation of cove forests to mixed meso- 
phytic forest in the Cumberland Mountains is con- 
sidered; and types of driest and most exposed sites in 
the Smokies (pine stands, heath balds, and grassy 
balds) are interpreted as topographic climax. 

14. The site-samples were plotted on a mosaic chart 
to show the relation of vegetation types to elevation 
and topography. The southwestern limit of the Ap- 
palachian spruce-fir forests is reached in the Smokies, 
in the northern half of the range where peaks of 6000 
ft and above occur. It is believed that the spruce- 
fir forests found sanctuary on higher peaks during 
the xerothermic period, when a displacement up- 
ward of 1000-1300 ft destroyed these forests in lower 
parts of the range and farther south. 

15. The vegetation of the Smokies is interpreted as 
an Appalachian pattern of maximum diversity and 
differentiation of types, intermediate in some re- 
spects to the patterns of the Cumberlands and Blue 
Ridge. Vegetation patterns of different mountain 
ranges are often related by the relative expansion 
and contraction of different, recognized parts of the 
patterns. Both the Smokies and Cumberlands are 
parts of the Southern Appalachian center of the 


ter-species 
possible. 


eastern forests. 
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Appendix A. Population Charts for Major Tree Species. 

In the following population charts, stand percentages 
of tree species in composite stand counts (Appendix C) 
have been plotted on the vegetation pattern in relation 
to elevation and site (Fig 19). Isorithms for stand 
percentages have been drawn in, forming nomograms 
of tree population levels in relation to the two major 
gradients studied. The population figures thus outlined 
may be visualized in three dimensions as hills with their 
summits representing environmental optima for species, 
and with slopes of decreasing population density with 
increasing departure from the optima. Population charts 
are included for 44 major tree species; charts are avail- 
able also for canopy populations and minor species (see 
Note on Supplementary Publication). 


Note on Supplementary Publication of Appendixes B 
and C 


The author regrets the impossibility of publishing the 
full body of tabulations on which the study is based. 
Tables which cannot be presented here are made avail- 
able to those desiring them through the American Docu- 
mentation Institute, Auxiliary Publications Project, 
Photoduplication Service, Library of Congress, Wash- 
ington 25, D. C. Advance payment is required. Make 
checks or money orders payable to: Chief, Photodupli 
eation Service, Library of Congress. 

Appendix B comprises the full set of transect tables 
which were to accompany Part I. Transect tables show 
population levels (stand percentages) of trees, presence 
of shrubs, and presence of herbs along environmental 
gradients in the following sets of transects: 

Tables 2-4, moisture gradient between 1500 and 2500 ft. 

Tables 5-7, moisture gradient between 2500 and 3500 ft. 

Tables 8-10, moisture gradient between 3500 and 4500 ft. 

Tables 11-13, moisture gradient in deciduous forests 
above 4500 ft. 

Tables 14-16, elevation gradient in mesic sites, 200-ft 
intervals. 

Tables 17-19, elevation gradient in submesie sites, 200- 
ft intervals. 
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Tables 20-22, elevation gradient in subxerie sites, 200- 
ft intervals. 

Tables 23-25, elevation gradient in xeric sites, 300-ft 
intervals. 

Photostats of these tables (35 pages) may be purchased 

from the American Documentation Institute for $5.00, 

microfilms for $2.25, as Document No. 4722. 


Appendix C comprises the composite stand counts on 
which the descriptions of Part III are based. Data on 
trees include numbers of stems for each species in 3-in. 
diameter classes, percentage of stand from the 1-in. 
diameter class up, and percentage of sanopy stems, 
based in each case on approximately 1000 stems and 
100 canopy stems. Presences of shrub and herb species 
are given. The 27 tables represent 13 climax forest 
types recognized in the Great Smoky Mountains; tables 
available for the various types are indicated in the 
classification of vegetation types at the beginning of 
Part IIT. Photostats of these tables (46 pages) may be 
purchased from the American Documentation Institute 
for $6.25, mierofilms for $2.50, as Document No. 4723. 

The full set of population nomograms for tree species 
(Appendix A) may also be obtained. Nomograms are for 
54 species of trees and arboreseent shrubs; of these the 
32 marked with an asterisk (*) are represented by 
nomograms both for total stems and for canopy stems 
only. The charts thus permit study of the vegetation as 
a population pattern in terms of all tree populations, 
and of canopy stems alone. Photostats of these nomo- 
grams (22 pages) may be purchased from the American 
Documentation Institute for $3.75, microfilms for $2.00, 
as Document No. 4721. The set of charts includes: 
Abies fraseri*, Acer pensylvanicum, A. rubrum*, A. 
saccharum*, A. spicatum, Aesculus octandra*, Ame- 
lanchier arborea, A. laevis, Aralia spinosa, Betula alle- 
gheniensis*, B. lenta*, Carpinus caroliniana, Carya cordi- 
formis, C. glabra*, C. ovalis*, C. tomentosa*, Castanea 
dentata*, Cercis canadensis, Cladrastis lutea*, Clethra 
acuminata, Cornus alternifolia, C. florida, Fagus grandi- 
folia*, Fraxinus americana*, Halesia monticola*, Hama- 
melis virginiana, Ilex montana, I. opaca, Juglans nigra, 
Liriodendron tulipifera*, Magnolia acuminata*, M. fra- 
seri*, M. tripetala, Nyssa sylvatica*, Ostrya virginiana, 
Oxydendrum arboreum, Picea rubens*, Pinus pungens*, 
P. rigida*, P. strobus*, P. virginiana*, Prunus sero- 
tina*, Quercus alba*, Q. borealis and var. mazima*, 
Q. coccinea*, Q. marilandica, Q. montana* (Q. prinus), 
Q. velutina*, Rhododendron calendulaceum, Robinia 
pseudoacacia*, Sassafras albidum, Sorbus americana, 
Tilia heterophylla*, Tsuga canadensis*. 
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INTRODUCTION 


The pattern of social organization, exhibited by 
any group of organisms at some specified time, is 
presumed to have resulted from the interaction of 
three sets of factors: (1) the heredity of the indi- 
viduals composing the group; (2) the conditions of 
the external environment which have impinged upon 
the members of the society during their life-time; 
and (3) the nature of the culture, through which the 
experiences of prior generations affect the contem- 
porary one. Any study of the ecology or sociology 
of natural populations, including that of man, is 
beset with the difficult task of assessing the role of 
these three determinants (heredity, environment, and 
culture). 


The role of heredity may be studied in experi- 
mental populations established in identical environ- 


‘This study was conducted at the Roscoe B. Jackson Me- 
morial Laboratory. It was made possible by the facilities of the 
Jackson Laboratory, the advice of its staff, and by a Special 
Fellowship from the National Institute of Mental Health. 


Intensity of activity 
Quantitative aspeets of hierarchial organization. . 
C457 


neutral aggregates, Colony 


” 


DBA neutral aggregates, Colony 


Sehavioral aspeets of social interaction 
C57 Colony 
DBA 


Places of aggression and retreat 


CEO Bic case 


157 Colony 


DBA Colony 2.... 


DISCUSSION 
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SUMMARY 
LITERATURE CITED 
ments provided that the members within a particular 
population that there 
are marked differences in hereditary characteristics 
In such cases the interference 


have similar heredity, and 
between populations. 
of cultural factors may be minimized by initiating 
the population with a single pregnant female. This 
female’s prior social experience can be limited to 
living under caged conditions with her mother and 
sibs to weaning, and cohabitation with a male for 
sufficient time to insure conception. Where such pre- 
‘autions are taken regarding the environmental and 
cultural variables, most which may de- 
velop between two such populations, may be attrib- 
uted to their differences in heredity. 

The objective of the present study was to deter- 
mine the extent to which heredity might modify so- 
cial behavior. A clear cut demonstration of this 
objective demanded that two strains of a single spe- 
cies be selected for use. These strains should differ 
in certain characteristics suspected of relevancy in 


differences, 
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House mice (Mus 
musculus ) Many inbred 
strains of this species are available at the Jackson 
Laboratory. A survey was made of the characteristics 
of these strains. Two strains, DBA /2 and CS57BL 
10, differed markedly in two characteristics, suscepti- 
bility to audiogenic seizure (Fuller & Williams 1951) 
and incidence of mammary tumors (Griineberg 1952). 
DBA 2 have a high mammary 
tumors, and a marked susceptibility to lethal audio- 
C57BL /10 have 
both a tumors, and a 
low susceptibility to audiogenic seizures. This 
gested that DBAs are physiologically unstable and 
C57s are physiologically stable. Exposure to a more 
complex physical and social milieu, than previously 


the expression of social behavior. 
were selected as subjects. 


mice ineidence of 


contrast mice 


mammary 


genic seizures. In 


low ineidence of 


sug- 


experienced in many prior generations of rearing in 
small cages, might be expected to provide a marked 
taxing of the physiological homeostatic mechanisms 
available to the mice. In a complex environment the 
homeostatic mechanism of the physiologically unstable 
strain should be upset more readily than that of the 
physiologically stable strain. Alterations of motiva- 
tion and emotion might be anticipated from aberra- 
tions of physiological homeostasis. If motivation and 
one might further anticipate 
changes in the social relations between individuals. 
This rather loose theoretical conceptualization served 
as the basis of the decision to use DBA 2 and C57- 
BL 10 mice as subjects. 

Since the main objective was to investigate the 


emotion are altered 


role of heredity on the expression of social behavior, 
physical environment and culture had to be con- 
trolled. Culture was minimized by initiating colonies 
with mice whose past experience was confined to 
living in small cages with their parents and sibs. The 
physical environment as a variable was controlled to 
the extent that members of each strain were intro- 
duced into identically structured environments. 


MATERIALS AND METHODS 
THE STANDARDIZED PHysicaL ENVIRONMENT 

Two criteria served as a basis for structuring the 
environment. First, there should be a single location 
to which all individuals must go from time to time. 
Here contacts between should be maximized. 
Second, a large number of places of abode should be 
provided. This would enable choice of companions. 
The first criterion was realized by constructing a 
small pen in which containers for food, water, and 
nesting material were located. Contact at this loca- 
tion was further accentuated by providing a single 
passage through the screen wall of this pen. This 
passage was large enough for only one mouse to pass 
at a time. Thus the latter was one point to which 
all individuals must come. This pen, which shall be 
designated for brevity as the food pen, was located 
in a much larger pen. The second criterion was met 
by placing within this larger pen a set of shelves on 
which nest boxes were placed. There were four 
levels of shelves; two shelves were at each level; and 


mice 
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four nest boxes were placed on each shelf. Access to 
each shelf from the floor was by way of a 
Thus there was choice of 32 nest boxes seat- 
This provided wide lati- 


narrow 
ramp. 
tered over eight 
tude of choice of place of residence, although some 
pen than 


shelves. 


nest boxes were farther from the food 
others. 

Four pens were constructed as nearly identical as 
the available laboratory room permitted. Each was 
isolated by a meter high fence over which the mice 
could not Details of this environment. are 
shown in Figs. 1 and 2. Other than the braces sup- 
porting the harborage stand, the floor of the larger 
pen was unstructured. The temperature of the rooms 
were under thermostatic control at either 65 or 72 
F. The light-darkness eyele was reversed. Thus the 
major period of activity of these nocturnal animals 
A.M. and 6:00 P.M. Dim lights 
approximating moon light were on between 6200 
A.M. and 6:00 P.M. while several 100 watt lamps 
were on during the other twelve hours. These brighter 
lights were also turned on during the day hours 


elimb. 


was between 6:00 


when observations were reeorded. 
GENERAL METHOD OF ESTABLISHING COLONIES 


An attempt was made to make the introduction into 


the more complex environment a gradual one. One 


end was removed from the wooden breeding cage 
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Fig. 1. 
levels were numbered from 1 to 4; the lowest shelf was 


id 


HARBORAGE STAND 


Harborage stand. The shelves at the four 


No. 1 and the highest No. 4. A 37 mm wide, screen 
covered, wooden ramp connected the inner end of each 
shelf with the floor. Four wooden nest boxes, 150 mm 
on a side with a 25 mm opening on one side, were 
equally spaced along each shelf. The 16 boxes on the 
four left hand shelves were removed leaving these shelves 
bare during the history of DBA /2 Colony 2 and C57- 
BL /10 Colony 2. Each nest box on the end of a shelf 
nearest its ramp was designated as No. 1. The other 
three nest boxes were numbered 2, 3, and 4, with No. 
4 being at the end of the shelf farthest from its june 
ture with a ramp. Each box could be designated accord: 
ing to the level of the shelf, and its location along the 
shelf from the ramp. Thus 1-1 was the box nearest 
the floor, and 4-4 was farthest from the floor. Each of 
the 16 positions was duplicated. 
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Diagram of the floor plan of the pens in which 
the harborage stands were placed. The east pens were 
mirror images of the west pens. N—hopper of nesting 
material. F=—hopper of food. X’s represent the points 
at which ramps to the shelves on the harborage stand 
were attached to the floor. They are numbered in ae- 
cordance with the level above the floor to which they 
led. Those X’s numbered 1 to 5 are for the position 
of ramp bases in a set of experiments in which the 
stands consisted of five nine-foot long shelves. These 
will be reported in another paper. Note their proximity 
to the wall. The cross hatched area represents that por- 
tion of the floor shaded by the shelves above. The black 
rectangles are at the positions where the 150 x 150 x 
300 mm nesting boxes, which also contained food and 
water, were placed when mice were allowed to explore 
the 5 x 9 stand. Note that the floor of the pens are 
relatively unstructured. The food pen was removed 
from the northwest pen for C57 Colony 1B, and from 
the northeast pen for DBA Colony 1B. 


Fig. 2. 


in which the pregnant female or the adult had been 
living. This cage with its inhabitants was placed in 
the food pen. The door to the larger pen was kept 
plugged until after the litter was born and had 
reached nearly weaning age. Thus the initial experi- 
ence of the mother, or both parents if the male was 
included, was only with the contents of the food pen. 
The father was usually removed shortly after the 
birth of the litter. The mother remained with the 
young for the first few days they were given access 
to the harborage stand in the larger pen. 
BriEF History OF THE COLONIES 

DBA/2 Colony 1 A. This colony was established 
in the southeast pen. A litter of three ¢ 6 and three 
% was born on October 10, 1949. On November a, 
1949, the mother and her six young were released 
from the food pen, and on November 19, 1949, the 
mother was removed. Between November 19, 1949, 
and April 13, 1950, this colony essentially consisted 
of these six mice. Although ten litters were born 
only three members of the seventh litter, born on 
March 22, 1950, survived. Powdered Purina chow 
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was available at a hopper through a 20x150 mm slot. 

DBA /2 Colony 1 B. Since population increase was 
not proceeding through reproduction a larger colony 
was established by the following method. Four pairs 
of DBA mice gave birth to young on March 20, 1949, 
in breeding cages. One each was suspended on March 
21 between the two shelves at each level on the stand 
in the northeast pen so that a 25 mm door bored 
through one end of each box provided access to an 
adjoining shelf. On April 13, 1950, the door conneet- 
ing the southeast pen and the northeast pen was 
opened. This permitted the mingling of the nine Col- 
ony 1 A mice in the southeast pen and the eight adults 
and their thirteen young of the northeast pen. This 
combined group of 29 mice was designated as Colony 
1 B. Observations were continued to July 17, 1950. 
All food and water after April 20 was available only 
in the food pen of the southeast pen. 

DBA/2 Colony 2. This eolony was established in 
the northeast pen. Two litters with only their mothers 
were October 12, and 13, 1950. 
These litters nine males and four fe- 
males. They were provided access to the larger pen 
on November 15. Nest boxes were located only on 
the four shelves on the right side of the harborage 
stand; the left shelves This procedure 
fostered more frequent The mothers 
were removed two days later. Observations were con- 
A food hopper with a 


present born on 


consisted of 


were bare. 


interaction. 


tinued to January 26, 1951. 
300 x 300 mm vertical feeding surface was used. 
C57BL ‘10 Colony 1 A. This colony was estab- 
lished in the southwest pen. A litter of three 6 4 
and three 22 was born on 1949. On 
January 5, 1950, at 35 days of age the six mice born 
in the food pen were provided access to the larger 
The mother was removed January 12. Obser- 
Fourteen 


December 1, 


pen. 
vations were continued to April 13, 1950. 
young of two litters were born on March 17 and 20 
and all survived for 60 or more days. Powdered 
Purina chow was available at a hopper through a 
20 x 159 mm slot. 
C57BL/10 Colony 1 B. 
litters born on March 20, 1949, were introduced on 
to the harborage stand of the northwest pen on 
March 21 by an identical procedure described above 
for DBA /2 Colony 1 B. On April 13, 1950, the door 
connecting the southwest pen and the northwest pen 
was opened. This permitted the mingling of the 20 
Colony 1 A mice in the southwest pen and the eight 
adults and their 25 northwest 
This combined group of 53 mice was designated as 
Colony 1 B. Observations were continued to July 
17, 1950. All food and water after April 20 was 
available only in the food pen of the southwest pen. 
'57BL/10 Colony 2. This colony was established 
in the northwest pen. Two litters with only their 
mothers present were born October 8 and 16, 1950. 
These litters consisted of eleven males and four fe- 
males. They were provided access to the larger pen 
The mothers were removed two 
were no nest boxes on the four 


Four pairs of mice with 


young of the pen. 


on November 15. 
days later. There 
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shelves on the left side of the harborage stand. Ob- 
servations were continued to March 22, 1951. A food 


hopper with a 300 x 300 mm vertical feeding surface 


was used. 
PREVIOUS PATTERN OF LIVING 

For over 100 generations prior to the present 
studies the ancestors of each of the inbred strains 
had experienced a very simple environment. At 
weaning, a brother and a sister were placed in an 
open topped wooden box 150 x 150 x 300 mm. Wood 
shavings covered the floor, and a sereen cover formed 
the roof. A portion of the screen cover was depressed 
to form a food hopper. A glass tube from a water 
bottle protruded through this lid. Both parents re- 
mained with the young until they were removed at 
weaning. This practice curtailed the opportunity of 
the behavior exhibited by members of one generation 
affecting that of sueceeding generations. Artificial 
selection, beginning between 1909 and 1920 by C. C. 
Little, on the progenitors of these two strains, was 
directed toward developing a strain with a higher 
incidence of mammary tumors (the DBAs), and one 
with a low incidence of these tumors (the Cd57s). 
Little natural selection could have taken place under 
these conditions of rearing. On the other hand, one 
might anticipate that there would be chance loss or 
fixation of genes not concerned with production of 
mammary tumors. Also mutations had the oppor- 
tunity of being preserved. Thus the genotypes of 
these two strains may well have lost genes requisite 
for survival in a more complex environment; i.e., one 
which requires greater complexities or intensities of 
interaction. Likewise may have 
been fixed which are detrimental to 
more complex environment. 


some genes 


survival in a 


social 


RESULTS 


Init1aL History oF DBA Cotony 1 A 
Two wooden nest boxes similar to those on the 
harborage stand were also placed in the food pen. 
One was to the left and the other to the right of the 
open-ended wooden breeding cage in which the colo- 
nizing pair was introduced. During the first nine 
days many feces were deposited about the pen, mostly 
at the periphery, but none in either of the nest boxes. 
The mice continued to reside in their open-ended 
breeding cage except for periods of wandering about. 
On the 10th day this breeding cage was removed; the 
contained wood shavings were placed in a pile in the 
center of the food pen; the two wooden nest boxes 
were moved 250 mm apart and the lid of the breed- 
On the following day 
How- 


ing box placed across them. 
there were still no feces in either of the boxes. 
ever, nests had been built in two corners of the food 
pen with a few of the wood shavings. A ball of food 
composed of equal parts of suet, dry bread, peanut 
butter, and raisins was placed in one of the nest 
boxes. The two mice were then caught and placed 
in this box. Later in the day each of the DBAs 
were seen to enter this box after having left it. 
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On the following, the 12th day, a nest had been built 
in the box in which the food had been placed. This 
nest was composed only of those wood shavings which 
the mice had previously deposited in the corners 
of the food pen, despite the fact that each trip with 
a wood shaving required passing around the pile of 
shavings in the center of the pen. No feces or shav- 
ings were in the other nest box in which no food had 
previously been placed. On the basis of all later 
evidence, there should have been feces in this box 
if the mice had entered and remained even mo- 
mentarily. It was not until 15 days after this that the 
fear of this second box had ameliorated sufficiently 
for the remaining female to enter and remain long 
enough to defecate. Once this change in_ behavior 
oceurred, this second box beeame the principle place 
of defecation. A litter of three males and three fe- 
males was born on the 15th day of confinement in 
the food pen. The adult male was removed on this 
date. When these young were 33 days old_ their 
mother had a litter in the nest box in the 
food with first litter. On this date the 
mother was removed. It must be remembered that 
the adult male was removed a few hours after the 
birth of the first litter. Thus under the conditions 
of lactation and augmented stress from a more eom- 
plex environment, gestation was prolonged from 11 
to 14 days beyond the normal period. Griineberg 
(1952) reports similar prolongation of gestation dur- 
ing lactation. All members of this second litter were 
partially eaten before the mother was removed. Three 
days prior to the birth of the second litter the pas- 
sage through the food pen was opened. Ten days 
later many feces were spread over all eight shelves 
of the harborage stand. From the lowest to the 
highest shelf the count was 297, 117, 160, 165. Eaeh 
of the two nest boxes nearest a ramp on the lowest 
shelf level contained a single fecal bolus. No other 
boxes contained feces. On this date the two nest 
boxes in the food pen were removed. That night 
wood shavings from the food pen were transported 
into the box nearest the ramp on one of the two low- 
est shelves. Despite frequent visitations to both 
shelves at each of the four levels, as indicated by 
defecation, no feces were deposited in any but the 
one box containing the nest during the next 14 days. 
From the lower through the upper shelf the total 
feees were 212, 103, 154 and 155. Thus there were 
approximately 9 feces per mouse per day deposited 
on the stand during the first 24 days of exposure. On 
this 24th day the six mice were captured, and 
weighed. A stopper was placed in the door of the 
box containing their nest. Each mouse was replaced 
in this box following weighing. The stopper was 
then removed. Two mice immediately left this box 
and ran up and down the shelf on which this box was 
located. Each repeatedly poked its head in the door 
to the adjoining box, but did not enter until several 
minutes later. Once these mice experienced entering 
another box without deleterious effects, the behavior 
of the entire group toward the other boxes drastically 


second 


pen her 
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changed. During the ensuing seven days 3672 feces 
(87 per mouse per day), were deposited on the stand. 
Over 95% of these were in the boxes. Thus at 61 
days of age following 31 days of exposure to the 
harborage stand, adjustment to it apparently was 
completed. 
Init1AL History or C57 Cotony 1 A 

Two wooden nest boxes similar to those on the 
harborage stand were also placed in the food pen. 
Qne was to the left and the other to the right of the 
open-ended wooden breeding cage in which the colo- 
nizing pair was introduced. By the end of the first 
day a few feces were in each of the nest boxes, and 
by the ninth day large deposits of feces were in both 
boxes. Feces were also deposited about the periphery 
of the pen. Thus in contrast to the DBAs, the C57s 
showed little avoidance or fear of these two nest 
boxes. However, except for entering and defecating 
in the two boxes the C57s continued to reside in their 
open-ended breeding cage. On the 10th day altera- 
tions were made as for the DBAs on this date. In 
contrast to the DBAs, the C57s immediately trans- 
ported wood shavings into one of the nest boxes. A 
ball of food was placed in this box as a control pro- 
cedure to the DBAs. These two mice continued to use 
these two boxes during the next 60 days, one as a 
nest box and the other as a place for defecation. 
Since the female bore no young, the pair was re- 
moved and replaced by a single near term C57 fe- 
male. She built a nest in one of the two nest boxes 
and used the other as a place of defecation. Six days 
after introduction a litter of three males and three 
females was born. When 35 days of age the young 
with their mother were given access to the harborage 
stand by unsealing the door from the food pen. 
During the first four hours following access a total 
of 53 feces had been deposited in four boxes, and 
10 feces were seattered four shelves. By the 
end of three days, 21 of the 32 boxes contained a 
total of 769 feces. Seventy seven other feces were 
seattered over the shelves. 
40 feces per mouse per day deposited on the har- 
borage stand. In order to induce the mice to live on 
the harborage stand, the lids of the two nest boxes 
in the food pen were removed. During the next 
three days nests were built in two boxes on the har- 
borage stand. These were in boxes nearest the ramp 
on shelves 1 and 2. Furthermore 31 boxes contained 
1267 feces and 98 were scattered over 7 of the 8 
shelves. This gave 65 feces per mouse per day on the 
stand. On the 6th day of exposure to the stand when 
the young were 41 days of age, the two nest boxes in 
the food pen and the mother were removed. During 
the following week 2898 feces were deposited in the 
32 boxes, and 260 other on the shelves. This gave 
day on the 
Thus it is 


over 


This gave an average of 


an average of 75 feces per mouse per 
stand. They were then 48 days of age. 
quite apparent that C57 miee made a much more 
immediate adjustment when exposed to a new and 
more complex environment than did the DBA mice. 
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Within a week after release into the larger pens 
the food pen for both groups was restructured by 
introducing two one gallon chicken water fountains, 
a 150 x 150 x 300 mm box containing wood shavings, 
a food hopper containing ground Purina laboratory 
chow. 

OTHER STRAIN SPECIFIC BEHAVIORS 

Several other differences in behavior between these 

strains were observed. 
1. DBAs in the open colony situation of Colony 1 A 
exhibited poor in rearing young. It was 
thought that the wood shavings might not provide an 
optimum material for heat conservation. Therefore 
cotton tow was mixed through the shavings in the 
nesting material hoppers for both DBA and C57 
mice. The C57s immediately made use of both ma- 
terials. The DBAs selected out and used only wood 
shavings. On one occasion three paper towels were 
placed on the floor of each pen. The C57s utilized 
these for nesting material, but the DBAs did not. 


aed 


2. In the Colony 2 for both DBA and C57, nesting 
material was provided in the form of strips of paper 
toweling in an open box. For the 28 days following 
weaning at 33 days of age the two 150 x 150 x 300 
mm breeding boxes in each food pen were left in 
place while the young were adjusting to the har- 
borage stand. Each box had a 25 mm diameter door 
and the floor of each was covered with wood shavings. 
During the 28 days the DBAs carried in 20 strips to 
one box and three to the other. On the other hand 
the C57s made large bulky nests of the paper strips 
in both boxes. However, when these breeding boxes, 
in which the mice were born, were removed, mice of 
both strains transported paper strips and made ade- 
quate nests in the boxes on the harborage stand. 

3. When the i A Colonies were enlarged to form 
the 1 B Colonies, a breeding cage was suspended be- 
tween the two shelves at each level. Each cage con- 
tained an adult pair of mice with a one day old 
litter. Just prior to suspending each cage a 25 mm 
diameter opening was bored through one end. This 
was to provide access to the adjoining shelf. Within 
15 minutes all four pairs of C57s had plugged these 
holes with the shavings and tow covering the floor 
of their The DBAs also exhibited this hole 
plugging behavior. However, it took 3-4 days to 
reach the fullness of expression achieved by C57s in 


success 


ages. 


15 minutes. 

4. Casual observations made during these 
periods of handling on the frequency of squealing or 
the position following anesthesia. 


were 


TABLE 1. Strain characteristics noted at time of han- 
dling and anesthesia. 





Out on |Out on side 
Belly or back 


Did not 
Squealed Squeal 





20 25 | 24 


57 81 18 
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5. Voealization: While free ranging DBAs frequently 
chirped. C57s never voealized. 

6. Tail rattling: only during fights did DBAs beat 
their tails against the floor. C57s did likewise, but 
they also exhibited this behavior at any place where 
they might be, even when alone. 

7. Exploratory behavior: C57s frequently remained 
in their nest boxes for several minutes at a time with 
their heads protruding out the door. DBAs never 
did this. Periodically all feces were removed from the 
shelves and nest boxes. The mice usually 
weighed at this time and released after the cleaning 
Following release C57 mice usu- 


were 


was accomplished. 
ally spent several minutes investigating all boxes on 
all shelf levels. On the other hand the DBA mice 
usually immediately retired to a nest box. 

&. Position at food hopper: DBAs usually remained 
with their head facing the food hopper during each 
period of eating. On the other hand the C57s usually 
got a mouthful of food and turned around, facing 
away from the hopper while eating. 

9. Transportation of food in the 1 A Colonies: 
sionally pellets of Purina laboratory chow was made 
available in the food pens. The DBAs only seattered 
them about the food pen. In addition to this the C57s 
carried many pellets up into the nest boxes on the 


Ocea- 


harborage stand. 


GENERAL Account oF DBA CoLony 1 A 
Frequently and detailed observations 
of the six mice of this colony when they were be- 
tween 94 and 184 days of age. Although there was 
some antagonism among the three males between 94 
and 108 days of age, the conflicts were not very 
marked in intensity. In fact all six mice might be in 
the food pen simultaneously. After 108 days of age 
tolerance between males during their hours of ac- 
tivity completely ceased. The pattern established 
was that of complete dominance by one male, 1409, 
and subordinate behavior by the other two, 1407 and 
1405. After the establishment of this pattern the two 
subordinates, 1407 and 1405, were rarely out of the 
nest boxes at the same time. 1407 appeared to be 
dominant over 1405, but this judgment was derived 
more from their relations with 1409 than with each 
other. There was a greater element of challenge to 
1409 by 1407 than by 1405. Furthermore, the rela- 
tively higher rank of 1407 was indicated by the fact 
that he resided more frequently on a lower shelf 
near the food pen than did 1405 (Table 2). The 
lack between these two subordinates 


were made 


of association 


TABLE 2. Number of times DBA Colony 1A mice were 
found residing in the boxes at each shelf level. 





Level of shelf from floor. 
MovuseE 
Dominant male 1409... 
Mid-ranking male 1407 
Low-ranking male 1405 
The three females 








Ecological Monographs 
Tol. 26, No.1 
is attributable to two eonditions. First, neither usv- 
ally proceeded to the food pen from the harborage 
stand if the dominant male was already in the food 
pen. Second, shortly after one of them did go to the 
food pen, the dominant male usually emerged from 
his nest box, proceeded to the food pen, and chased 
the subordinate male back to the harborage stand. 
This difficulty in remaining in the food pen did not 
affect growth. Between 54 and 184 days of age the 
dominant male was consistently the lighter mouse; 
1407 was heaviest, and 1405 just slightly heavier than 
the dominant mouse. Increments in weight during 
this period were respectively 6.6, 6.7, and 6.0 gm, 
No antagonism, other than mild pushing with the 
forepaws while at the food hopper, was ever noted 
among the three females. Nor did they evince any 
antagonism toward any of the males which joined 
them in the food pen. 

The behavior of the dominant male 1409 to either 
of the two subordinates was quite otherwise. Upon 
reaching the door of the food pen in which a sub. 
ordinate was present, he would stalk through the 
door with legs extended, a tense tip-toeing stance, 
and with his tail arehed stiffly upward. Immediately 
he would dash at the subordinate and 
engage in a tumbling combat. Very soon the sub- 
ordinate would break dash out of the food 
pen with 1409 in close pursuit. The subordinate 
male was usually not able to go up a ramp imme- 
diately. Instead the wild chases continued about the 
main floor of the To anyone who has _ played 
hand ball, the actions of the two mice, resemble noth- 
ing so much as two hand balls bouncing back and 
forth between the four walls. Their paths of travel 
appeared to bear no relation to each other, except 
that when, by chance, they came within a few inches 
of one another, approach and brief combat ensued, 
prior to resuming the wild running. Eventually the 
subordinate mouse escaped up on to the harborage 
stand. After this eseape the dominant mouse would 
oceasionally exhibit the motions of fighting; that is 
is would move about on its hind legs thrusting with 
its forepaws and shoulders. Subordinate males also 
exhibited phantom fighting upon losing contact with 
the dominant After such periods the domi- 
nant mouse occasionally attacked a female, even 
pregnant ones. These attacks on females usually ter- 
minated rather rapidly without the female fighting 
back. This was probably the origin of wounds ob- 
served on females. 

Both sound and scent served as stimuli in directing 
the actions of the dominant male toward the two 
subordinates. The clatter of a mouse’s toe nails on 
the screen covering of the ramp was even audible to 
the observer. Such a sound elicited the appearance 
of the dominant male. Furthermore if a subordinate 
mouse did make the trip to the food pen and back 
to his nest box without being attacked, he was often 
soon afterward attacked in his nest box by 140%. 
Within two to five minutes after the subordinate 
mouse had reentered his nest box, 1409 would emerge 


on entering 


away, 
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and go to the bases of the eight ramps. He would 
investigate about these for a moment 
ceeding up the appropriate one and into the correct 
box where a fight sometimes ensued. 

The dominant mouse always went directly from the 
door of the food pen to the food hopper. On the 
other hand, the two subordinate mice frequently 
circled along the inner wall of the food pen, and cau- 
tiously approached the hopper from the back. 


before pro- 


During the twelve hours of light all six mice fre- 
quently slept together even though this period may 
have followed this intense fighting. However, there 
was some dispersion of the males in which the sub- 
ordinate one did not sleep with the females as did 
male 1409. 1405 rather frequently lived alone on 
the top shelf farthest removed from the food pen, 
and from the other mice. The other subordinate male, 
1407, more frequently resided nearer the floor, and 
thus nearer the food, than did 1405 (Table 2). How- 
ever, when he resided on the lowest level, he was 
always on the opposite shelf from that inhabited by 
the three females and the dominant male, 1409. 

The reproductive performance of this colony was 
interesting. Ten litters were born, five to 1403, three 
to 1411, and two to 1401. The members of nine of 
these survived for only a 3v the time 
they were found, part would be dead, and partially 
eaten. Only three males of one litter survived. This 
was the third litter born to 1403. Both 1403 and 
1411 nursed them. However, at adulthood they only 
attained 70% of the adult weight of 25 gm. It was 
my impression that the newly born young of these 


few hours. 


females were paler than is characteristic for newborn 
mice 

GENERAL AccounT OF C57 CoLony 1 A 
birth of the litter, 
which initiated this colony, observations continuing 
to April 13, 1950 covered the age span of only 56 
to 133 days. At 56 days of age the social hierarchy 


Because of the later date of 


among the three males was already established. Male 
7 was dominant to 4, while both were dominant to 
male 1. Expression of status consisted of leisurely 
chases which very rarely terminated in fights. This 
slowness of pace was not due to lack of ability to 
run rapidly. As will be described later in regard to 
the formation of Colony 1 B, rapid movements were 
observed when strange mice initially contacted each 
other. Occasionally chases were rapid, but never with 
the wild abandon and long duration of the DBAs. 
Even within a few seconds after a chase, both par- 
ticipants were likely to go to the food pen and eat 
side by side. So little further intensification of ag- 
gressiveness took place between 56 and 133 days of 
age, that it is impossible to demonstrate any such 
change. It will be recalled that after 108 days of 
age intense strife developed among DBA males. The 
relative social rank of the three C57 males persisted, 
but its expression was primarily in the form of mild 
threats or mild avoidances. By mild threats is meant 
a mere rotation of the body toward another indi- 
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vidual or, at most, a few steps taken toward it. Corre- 
sponding movements away were made by the sub- 


ordinate mouse. Even when a female was in estrous 
there was only an occasional fight. On only two oe- 
casions were females seen in short chases, and never 
did a male attack a female. Lashing of the tail 
against the floor or shelves was a common behavior 
of all mice, but I never detected any regular asso- 
ciation of events to indicate this behavior was asso- 
ciated with an altered emotional state. 

Female 11 was noted to be receptive to sexual ad- 
vanees on two dates, onee when she was 86 days 
old and again at 106 days, directly after birth of 
the litter conceived 20 days before. On the first date, 
the lowest ranking male 1 was observed to mount 
female 11 of 35 minutes. 
Duration of the first 17 unions was 0.5 to 5.0 see- 
while the terminal union lasted 10 
Preceding these the female usually ap- 
proached the male. Particularly during the last of 
this series, the female turned and ran as soon as the 
male noted her approach and turned toward her. 
During the mount the male grasped the female by 
the nape of her neck with his teeth, and he 
grasped her firmly about the body with his forelegs. 
Other unions were noted to last as long as 60 seconds. 
Occasionally, while still united, the pair fell over on 


18 times during a span 


onds, seconds. 


each of 


also 


their sides. 
The dominant 
complish mounting successfully. 


was not observed to ae- 
Female 11 resisted 
his more vigorous and aggressive approaches. How- 
ever, she tolerated the approaches of female 13, who 
was twice observed to mount female 11 and maintain 
the grasping union for several seconds. After these, 


male 7 


female 13 chased male 1 away when he again ap- 
proached female 11. Despite her homosexual be- 
havior, female 13 conceived three days later. 

Female 11 gave birth to a litter of 10 in the nest- 
ing material box in the food pen at 106 days of age. 
Eight of these survived to adulthood. Female 13 
gave birth to a litter of 6 in a nesting box next to 
the ramp on a lowest shelf level. All of these sur- 
vived to adulthood. Each female assisted in the 
nursing of the other’s young. The other adult mice 
were often observed in the nest with one or the other 
of these litters. By 19 days of age the young were 
moving back and forth between the two nest locations. 


i= 


GENERAL Account oF C57 Cotony 1 B 
Colony 1 B was formed on April 13, 1950 by open- 
ing the small door between the southwest pen, which 
contained 20 mice previously designated as Colony 
1 A, and the northwest pen, which contained four 
litters and their parents. At the time of the union 
and for a week thereafter food and water was left 
available in the breeding box in which each pair 
and their litter had been introduced on each shelf 
level of the northwest pen. For the first two hours 
after union the six adults from the southwest pen 
(the former Colony 1 A) roamed the floor of the 
northwest pen. Gradually partial trips were made 
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up the ramps, before turning around and going back 
to the floor. Such hesitant, partial, trips up ramps 
had never been observed in their home southwest pen. 
Finally some of the southwest males got up to the 
shelves of the northwest stand, or some of the north- 
west males got down to the floor. As soon as males 
from the two pens encountered each other, intense 
fighting ensued. The intensity, duration, and pattern 
of fighting became extremely similar to that already 
described as typical for DBA Colony 1 A males. 
The southwest males were always the winners. These 
males had more experience in both social interaction 
and in orientation of movements through this type 
of environment. After a few such encounters, the 
three southwest males began similar intense fighting 
among themselves. Such fighting among these three 
sibs had never been noted previously nor did it 
oceur on later dates. The southwest adult males still 
attacked the northwest adult males on the day fol- 
lowing the union. Although intensity of fighting per- 
sisted on this date its frequency declined. Some con- 
tacts did not result in fights. No further observa- 
tions were made until a week later. By this time 


fighting was greatly reduced. Even the adult males 
from the two pens could feed simultaneously with 
little show of antagonism. Male 1 had become some- 
what of a tyrant and occasionally chased other mice 


from the food pen. 

There was no effective reproduction by the seven 
adult females between April 13 and June 8. Two of 
the northwest females were near term on April 14 
and female 11 conceived on this date. Though even 
the latter carried her litter to term at least, none 
of these three females reared these litters. The other 
four females did not conceive. 

Some of the fights between males on the day of 
and the day following union of the pens took place 
in the suspended breeding cages. When this hap- 
pened both the young and the adult female were 
sometimes forced to abandon their nest box to escape 
the clatter of bodies bouncing back and forth inside 
these cages. Fighting soon diminished about places 
of repose and members of the two pens intermingled 
in nest boxes. However, there was one situation in 
which the individuals probably experienced consider- 
able stress. This was at the food hopper. Here it was 
possible for only five or six mice to feed simultane- 
ously. Yet 10 to 20 would crowd in at once. There 
was much pushing, kicking, and piling on top of one 
another. Although overt fighting rarely occurred. the 
young between 30 and 60 days of age frequently re- 
ceived rather hard slaps from the forepaws of their 
elders. 

Between June 9 and July 17 I was away from the 
laboratory. General observations were made during 
this time by A. Dexter Hinckley. Thirty four of the 
mice alive on June 9 succumbed during the next five 
weeks. The remainder were quite emaciated. Starva- 
tion appeared to be the major cause of death. One or 
two mice at a time became wedged in the narrow slot 
of the food hopper through which the powdered 
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food was procured. Apparently what happened was 
that the bottom members of a feeding aggregate were 
foreed into the slot and suffocated. Although the 
survivors partially ate these unfortunate associates 
the slot was never completely unplugged, until re- 
moved by Hinckley, and this was not every day. 
GENERAL Account oF DBA Cotony 1 B 

Colony 1 B was formed on April 13, 1950 by open- 
ing the small door between the southeast pen, which 
contained the nine mice previously designated as 
Colony 1 A, and the northeast pen, which contained 
four litters and their parents. The more experienced 
southeast adult mice (formerly Colony 1 A) in- 
vestigated the floor of the northeast pen during the 
first hours after union but did not climb up the 
ramps of the northeast stand. No fights were ob- 
served. On April 14 male 1407 was seen on the 
northeast stand with one of its resident adult males, 
34. 1407 lost each of several consecutive encounters. 
Four of the six adult males died between April 14 and 
June 8, 1950. Each of these four males during the 
few days before death was characterized by many 
wounds and loss of weight. After the death of his 
two brothers, the formerly submissive 1405 became a 
highly aggressive individual over the smaller younger 
males. By the time the latter were 53 days old, they 
also were quite aggressive. Multiple fights ensued 
among them and the older mice in which five to ten 
males were simultaneously engaged in combat. There 
appeared to be no direction of aggression of one indi- 
vidual toward another mouse as a specific individual. 
All merely dashed wildly about the floor of the pen. 
When two contacted each other there was a brief 
fight, followed by a simultaneous jumping up in the 
air, and then separation and continuation of the 
running. Because of the jumping up in the air upon 
contact the appearance of such a group resembled 
popcorn popping. 

Feeding aggregates were smaller than for the C57 
mice. On only one occasion did a mouse die in the 
slot of the food hopper. It was removed before it 
could contribute much to reduction of food intake 
by the other mice. None of the 25 mice alive on 
June 8 survived to June 28. At death they were 
usually not emaciated but preceding death they were 
quite lethargic. In fact Hinckley reported that the 
general state of lethargy was such that marked 
fighting, apparent through May, was then absent. 

S1zE AND DISPERSION OF GROUPS 

At irregular intervals the boxes on the harborage 
stand were opened and the inhabitants of each re- 
corded. The data for the 1 A and 1 B colonies of both 
strains will be examined for those dates during which 
the inhabitants were 60 days of age or older. Some 
of the mice were not included in some of the counts 
since they were roaming about the pen. 

The first analysis concerns sexual associations 
(Table 3). Males or females may be alone in a box. 
When two or more individuals were in a box, each 
was considered as having an association with each 
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other individual. There are N(N-1) /2 associations 
per group. These will be MM, MF, or FF. If the 
aggregations form at random without regard to sex 
the frequency of the three types of sexual associa- 
tions should be proportional to a? + 2ab + b? when 
a and b are the proportions of males and females in 
the population of which the groups are a part. For 
each colony a:b approximated 0.5:0.5. Therefore 
on a random association of sexes a? = b? and 2ab = 
a2 + b?. For both C57 colonies the observed does 
not differ significantly from the expected. What 
little irregularities are evident indicate a slight at- 
traction of the two sexes for each other. However, 
the observed frequencies for both DBA colonies differ 
significantly from the expected. There are propor- 
tionately too few MM and too many FF associa- 
tions, and a slight deficit in MF association. There 
remains the question of interpretation of the cause 
of this difference. The key of this interpretation 
lies in the greater number of DBAs which live alone 
in comparison with the C57s. The DBA males in 
particular tend to live alone. This greater antagonism 
among DBA mice, which will be further documented, 
must give rise to sexual association other than on a 
random basis. 


TABLE 3. Frequency of sexual] associations in boxes on 
harborage stand. All mice 60 days of age or over. 





Strain......| C57 


Colony. . 
No. of Mice 
Per cent Female. .| 


Sexual 
Association 


ere 67 19 4 8 
F only... NG 30 10 z 
| Sr 21 18 3i 94 
ae im 52 42 K 12 
| a co 60 47 224 


EXPECTED SEXUAL ASSOCIATION 


26.75 
26.75 
53.5 


Chi Square. .. 


P of x? (Approx.) | .001 


-001 


The (O-e)?/e, Chi Square test, with two degrees 
of freedom used above is not exactly appropriate, 
since the populations were sampled more than once. 
The exact number of degrees of freedom could not 
he ascertained since the entire population was not 
included in all periods of sampling. Even so the 
magnitude of the Chi Squares for the DBAs argues 
for validity of the observed differences from the 
expected. 
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The second analysis concerns the size of groups 
formed by these two strains of mice (Table 4). These 
data include a few aggregations formed in the nest- 
ing material box in the food pen as well as in the 
boxes on the harborage stand. Tests of significance 
of differences between these distributions of fre- 
quencies of sizes of groups can not appropriately be 
made because of differences in the size of the popula- 
tions or because of difference in frequency of sam- 
pling them. In the equivalent sized 1 A populations 
the average greater size of C57 groups is probably 
biologically real. In the 1 B populations, C57s form 
larger groups, both actually and relative to population 
size. 


TaBLE 4. The frequency of different sized groups in 
nest boxes and in the nesting material box. 





Strain... 


Colony... 
No. of Mice 


NUMBER OF GROUPS 


Size of group 


2 | 
0 
2 


i 
9 
1 


NID Ore ON 


1 
1 
2 
0 
3 
1 
1 
1 


Co 


— et et 


Total groups. . 155 


Mean. 1.58 


The third analysis concerns dispersion of groups. 
Table 5 is based on all the data for 1 A and 1 B 
colonies of both strains of mice. It is immediately 
obvious from this table that all nest boxes were not 
equally utilized. In general, the lower the shelf, or 
the nearer the box to the ramp end of the shelf, the 
greater were the average size of groups, and the 
greater were the number of groups found in each 
location. In other words, more and larger groups 
formed nearer the food pen. This differential usuage 
of space will be discussed in detail elsewhere (Cal- 
houn 1956). As a result, the probability of one 
mouse encountering another was greater in those 
boxes nearer the food pen. However, this was ob- 
viated in part by the fact that there were two shelves 
at each level. Each box position was represented 
twice. Thus it was possible for two mice to be to- 
gether or separate at the same time and yet each be 
in the most favored position, that is in the box 
nearest the ramp on one of the two shelves at the 





90 JOHN B. CALHOUN 


lowest level. This position is the critical one for 
judging attraction or dispersion. The six adults in 
each of the 1 A colonies provide the most accurate 
data. For C57s the average size of groups in this 
position was 3.95, but for DBAs it was only 2.06. 


TaBLe 5. Distribution of 179 groups of mice on the 
harborage stand.* 





Position oF Box on SuHetves From Ramp 
Level of cA 
shelf from 
the floor Ist 2nd 3rd 4th 


Mean per box 
according to 
level of shelf 


1.83 p 2.00 1.53 


Mean per nest 
box posi ion 


along shelf 2. § 55 


*DBA colonies 1A and 1B; C57 colonies 1A and 1B. 

All mice 60 days of age or over. 

For each of the 16 nest box positions the total groups are listed in italics. 

The mean size of the group is listed below and to the right of the italicised 
number. 
Another indieation of degree of attraction or dis- 
persion was the use made of the nesting material 
box in the food pen as a place of resting. For C57s: 
7 (mean size, 2.4) of the 22 groups recorded for the 
1 A population were here; 4 (mean size, 26.7) of 
the 40 groups recorded for the 1 B population were 
here. For DBAs: None of the 100 groups for the 
1 A population were here; only one group of three 
mice of the 44 groups recorded for the 1 B popula- 
tion was here. It will be noted from later remarks 
that the food pen was the focal point for antagonistic 
relations. The greater number of larger groups of 
C57 mice residing in the food pen is further evidence 
of the greater pacificity of this strain. With such a 
difference it might be anticipated that a greater pro- 
portion of the DBA groups would be elsewhere than 
in the box position nearest the food pen. Such was 
the 


2ase. 


TABLE 6. Comparative distribution of groups in boxes 
near and further removed from the food pen. 





NUMBER OF GROUPS 
Box 1 position {| Other 15 positions 
on lowest shelf of boxes 


i 16 


DBA.... sd 5 90 





Cotony 2 INTERACTIONS; QUANTITATIVE ASPECTS 


The most parsimonious hypothesis concerning the 
frequency with which two mice come in contact with 
each other outside of the nest boxes is that this was 
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a chance phenomenon, or that each member of the 
population was equally attracted or repelled by each 
other individual. Under such conditions it still would 
be anticipated that some pairs would have more 
associations than others. This hypothesis was ex- 
amined with reference to the observed data. Let N 
= number of individuals in the population, 

a = N(N-1) different kinds of 
paired associations. 

n = total paired associations observed. 

P =1/a= probability of observing any twe indi- 


2= number of 


viduals together. 

Then: 
P,, = (1-P)"= probability of not observing pairs. 
P,; = P,(n/a—1) = probability of observing pairs 


onee, 


~ 
P, = p, (2 (1 


ing pairs twice. 


a—1) = probability of obsery- 


P, ; , a—1) = probability of observ- 


ing pairs three times. 


the general case up to P,, is: 


And 


thet 
P; =P, (2 ») (ays 1) 


These equations were developed for me by Mr. 
James U. Casby of the Army Medical Service Gradu- 
ate School. Utilizing these equations the expected pro- 
portion of N(N—1)/2 pairings observed 0, 1, 2, 
3... 16 times out of n, observations, was calculated 
for Colony 2 males of both C57 and DBA. The re- 
sults are shown in Figures 3 and 4. 
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N=Il 
N(N-1)/2=55 
n= 383 
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PROPORTION OF N(N-1)/2 








° 


5 10 15 18 and over 


NUMBER OF ASSOCIATIONS PER PAIR OF MICE 


Fig. 3. Frequency of association of male C57 mice 
of Colony 2 outside of nest boxes. When there are 11 
individuals, as in the present case, there are 55 different 
combinations involving two individuals. If association 
between any two individuals is purely by chance, there 
will be more associations between members of some 
pairs than of others. The curve is based upon such an 
assumption. Its poor fit to the observed data, shown 
by the histogram, indicates that associations between 
individuals is not a chance phenomenon. 


° 
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N=9 
N(N-1)/2=36 
n=22! 











PROPORTION OF N(N-1)72 


OBSERVED 
EXPECTED 
! 





5 10 15 
NUMBER OF ASSOCIATIONS PER PAIR OF MICE 
Fig. 4. Frequeney of association of male DBA mice 
of Colony 2 outside of nest boxes. See legend of Figure 
3 for additional remarks. 


18 and over 


It is quite obvious that the observed data do not 
approximate that based on the above hypothesis. 
There were too many pairs with too few associations, 
as well as too many pairs with too many associations, 
This indieates that the associations among male mice 
are structured in some other way than that dictated 
by the above hypothesis. There three factors 
which may have contributed to the observed strue- 
turing of frequency of association of pairs: 


are 


1. Some mice are more active than others. If this 
is the case the more active mice should have more 
associations with each other than with the less 
active ones. 

.Certain mice mutually attract each other, or 

certain mice are attracted by certain other ones. 

.Certain mice mutually avoid each other, or cer- 
tain mice are avoided by others. 

These three possibilities will be examined. 

INTENSITY OF ACTIVITY 

No accurate measures of spontaneous activity, that 

were independent of the social setting, were made. 

However, there was wide variability in the number 

of interactions engaged in by different mice (Tables 

7 and 8). No decision can be made as to the possible 

effect of differential levels of activity on the fre- 

quency with which pairs were observed together. A 

relevant datum, whose importance I failed to realize 

and to obtain, was a time sample of the frequency 
each mouse was out of the nest boxes. Such data 
would have answered the question of activity level, 
and would have been of considerable help in analyz- 
ing the social hierarchy. 

The questions of avoidance and attraction will be 
treated in several of the following sections. 

QUANTITATIVE ASPECTS OF HIERARCHIAL 
ORGANIZATION 

Whenever two mice were observed to approach 
within a few inches of each other, the action of each 
was recorded as neutral, dominant or submissive. 
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Results are shown in Tables 7 and 8. For both C57s 
and DBAs there was a single dominant mouse, whom 
the others were successful in challenging. 
Among the remainder there was a marked difference 
between C57s and DBAs. Among these C57s 50% 
of the dominant actions were by subordinates over 
superiors, while it was only 9% among these DBAs. 


never 


In other words, among the C57s there was consider- 
able give-and-take with regard to status; while among 
the DBAs there was not only a lack of challenging ¢ 
superior, but also more of them failed to exhibit any 
dominant reactions. 

The three types of actions, dominant, submissive, 
and neutral, taken into the 
caleulation of an index of social status, which was 
the DSN Seore. Dominant reactions 
were rated as 3 each, submissive ones as 2, and neu- 
tral ones as 1. A reaction 
higher than a neutral one, because the behavior of the 
mice frequently indicated an element of challenge by 
the subordinate mouse. This 


were consideration in 
designated as 
rated 


submissive was 


index, as shown in 


TABLE 7. Social hierarchy among C57 mice of Colony 2.* 





SupmisstvE Mouse 
Domi- 
nant 
Mouse 


Total 
Domi- 
321 | 2°0 | 288 | 301 | nant 


DSN 


Score} 3 311 | 282 | 286 | 319 | 303 | 317 


315 299 14) 17) 2 { g 9 4 2 4 88 
311 189 ~ 5 1 1 19 
282 175 1} - ‘ : 14 
286 i44 4 2 y 1] 
319 | 114 3 21-4 8 
303 97 1 3 | 

317 85 5 2 10 
321 78 3 | 7 
280 44 2 
288 31 1 
301 27 1 


‘ 


Total 
Submissive 
Total Neutral. .| 35 


*Data listed in main portion of table are numbers of interactions between each 
pair of mice. 


TABLE 8. 
ony 2.* 


Social hierarchy among DBA mice of Col- 





SupMissiveE Mouse 


DSN 
Score | 257 | 275 | 267 | 278 | 255 


Total 


Dominant - a] 
259 | 261 | Dominant 


Mouse 280 | 273 


257 284 26 9 | 22 § ‘ 5 3 | 87 
275 163 4] ¢ 26 
267 76 
278 | 70 
255 51 
280 49 
273 49 
259 35 
261 | 28 
Total Submissive | 1 | 27 


Total Neutre! | 21 | 31 





_*Data listed in main portion of table are numbers of interactions between each 
pair of mice. 
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Tables 7 and 8, indicates rank better than does con- 
sideration of dominant actions alone. An analysis of 
each day’s observations indicated that there was no 
change in social rank of the C57 Colony 2 or the 
DBA Colony 2 from the time observations were ini- 
tiated until they were terminated: 91 to 106 days of 
age for DBA; 122 to 169 for C57s. 


TABLE 9. Strain difference in aggressiveness between 
the DBA Colony 2, and the C57 Colony 2. 





Non-neutral 
Interactions 


Neutral 
Interactions | 





121 


The difference between C57 and DBA mice is 
further revealed by comparing the neutral actions to 
the more dynamic dominant or submissive ones. The 
number of neutral actions by a mouse may be taken 
as a Passiveness Index, while the DS component of 
the DSN Score may be taken as an Aggressiveness 
Index. These are plotted for each mouse in Figure 
5. For C57 mice there are corresponding increases in 
these two indices as the number of interactions per 
mouse increases. However, with DBA mice the Pas- 
siveness Index does not show a corresponding in- 
crease. That is, as the frequency of the interacting 
inereases, the DBA mouse is relatively more aggres- 
sive. Table 9 points out this difference in aggressive- 


ness. 





PASSIVENESS INDEX 


| l 
50 100 150 200 250 
AGGRESSIVENESS INDEX 


Fie. 5. Strain differences in relative aggressiveness 
between males of RBA Colony 2 and males of C57 
Colony 2. Passiveness Index—I X number of neutral 
interactions. Aggressiveness Index—2 X number of sub- 
ordinate interactions plus 3 X number of dominant in- 
teractions. For DBA’s each individual becomes rela- 
tively more aggressive as it engages in more interac- 
tions. With the exception of the dominant male 315, 
whose behavior more nearly approximates that of the 
dominant DBA male 257, C57 males show no decline 
in relative passiveness regardless of the number of in- 
teractions they engage in. 
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C57 Neutral AGGREGATES, CoLoNy 2 
Neutral aggregates at or near the food hopper 
were analyzed (Tables 10 to 12) to determine the in- 
fluence exerted upon them by the two most dominant 
mice Nos. 315 and 311. A neutral aggregate was one 
in which two or more mice were in close association 
near the food hopper for a minute or more with no 
more show of animosity than that of mild mutual 
pushing with the forefeet. The dominant 315 was 
much less likely to be a member of neutral aggre- 
gates (Table 10) than was the second ranking mouse, 
311, who frequently challenged him unsuccessfully. 


TaBie 10. 34 C57 neutral aggregates in the food pen, 


Colony 2. 





No. 315 





Present... .. 


ae 








TABLE 11. The social control of neutral aggregates in 
the food pen among C57 mice, Colony 2. 





| ANIMAL PRESENCES 
(No. of Aggregates) x 
(Mean No. per Aggregate) 
Dominants 
Present 


Mean ce Seer A SS 
No. of size of | 


| Aggregates | Aggregates | Expected* 


Observed | 





311 only... ; ; 30 
311 &315.... 3. 2 33 
315 only......} K | 

Neither | ‘ 3.3 } 27 


Total... 5 | 2 120 





*Based on chance encounters devoid of attraction or repulsion. 


Neutral aggregates may be characterized by the 
presence of both of these mice, neither of them, or 
only one of them. - Several aggregates of each of 
these four categories were observed (Table 11). If 
there was neither attraction nor repulsion between 
individuals, the total number of times mice were re- 
corded in each of these four categories should be 
proportional to the number of different individuals 
in the respective categories. However, the observed 
data differ strikingly from the expected, except when 
neither of the two more aggressive mice were pres- 
ent. 315 appears to act as a repulsion and 311 as an 
attraction in the formation of these neutral groups. 
When both were present the repulsion characteristic 
of 315 still dominates the relationship, but the fact, 
that the observed does not differ so markedly from 
the expected, suggests that the attraction toward 311 
in part cancels the repulsion from 315. 

Five of the nine lower ranking mice (Table 12), 
not only avoided 315, but were much more likely to 
be present in neutral aggregates if 311 was present. 
The reality of this aggregation is attested by the 
fact that four of them (311, 303, 286 and 288) were 
commonly observed huddled together on one of the 





January, 1956 


TABLE 12. Number of times members of two ‘‘ groups’’ 
were found in association with the two most dominant 
(57 mice, of Colony 2. 





Independentt 


Dependent* 
Group 


Group 





Absent.... .| 44 28 


315 





Present... | 16 8 
ea! | 16 


Absent..... 
311 
Present... . 38 





*Mice: 286, 288, 303, 319, 321. 
tMice: 282, 290, 301, 317. 


bare shelves of the harborage stand. The presence 
of the other four in neutral aggregates appears to 
have been controlled largely by the absence of the 
dominant 315. 
DBA Neutra AGGREGATES, CoLoNy 2 

A similar analysis to the above was made for the 
DBAs (Tables 13 and 14). It is evident that the 
seven lower ranking mice not only avoid both of the 
two highest ranking ones (257 and 275), but that 
this avoidance was particularly exaggerated when 
both of these mice were present. The reason for this 
was that a marked fight nearly always (26 out of 29 
observed encounters) resulted when these two mice 
met each other in or near the food pen. 


TABLE 13. 40 DBA neutral aggregates in the food pen, 
of Colony 2. 





No. 275 


No. 257 


es, 11 
Se 29 


TABLE 14. The social control of neutral aggregates in 
the food pen among DBA mice, of Colony 2. 





ANIMAL PRESENCES 
(No. of Aggregates) x 
(Mean No. per Aggregate) 
| Mean |{__ 
No.of | _ size of 
| Aggregates | Aggregates 


Dominants 
Present 


Observed 


275 only 11 35 
275 & 257 3 2.67 8 
257 only 13 
Neither 13 


Total 40 


Expected* 


rm to Ww w 
moO 


No 


*Based on chance encounters devoid of attraction or repulsion. 


BEHAVIORAL ASPECTS OF SocIAL INTERACTION 

C57 Colony 2. By the time observations on be- 
havior were begun on February 13, 1951 the mice 
were 124 days old. They were sexually mature and 
the social system already established by that time 
showed no indication of becoming altered during the 
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next 37 days of intensive observation (13 periods of 
observation each lasting several hours). Therefore 
it was possible only to analyze the static pattern 
rather than its development. 

No object such as a pellet of food could be pos- 
sessed by a single mouse. The term possession is 
only applicable in the sense that a mouse may utilize 
a particular goal, such as the food hopper or a nest 
box, without the distraction of the presence of an- 
other mouse. The surface of the food hopper or the 
size of the nest box was sufficient to permit 10 mice 
at least to react with it satisfactorily. Aggression, 
however,’ was maximized in the food pen where it 
was possible to satisfy the hunger drive. What then 
was the nature of elicitation of fighting here? 

Three to six mice at a time were observed to eat 
simultaneously. Such a feeding aggregate might be 
initiated by one of the more dominant mice, 315 or 
311, or they might join other mice already there. 
Even though there was ample space for 10 mice to 
eat simultaneously, mutual pushing with the forepaws 
would begin after a few seconds or minutes or pas- 
sive association. This pushing became more intense 
until the most dominant mouse present turned on, 
attacked, and chased from the food pen one of his 
nearest feeding associates. The remainder of the 
feeding aggregate also scattered and sought tem- 
porary residence at favored places of retreat. The 
dominant mouse usually returned to the food pen, but 
rarely proceeded immediately to eat. Instead it 
vacillated back and forth between the food pen and 
those shelves containing nest boxes. Shelf 1 received 
most visitations. Any mouse it encountered during 
these travels was attacked. When the dominant 
mouse resumed feeding, without having entered a 
nest box for a period of rest, he usually would not 
tolerate being joined by another mouse for sometime. 
No measurement of the required time interval was 
made, but the reality of time lapse before suppres- 
sion of aggression seems without question. If a domi- 
nant mouse entered the food pen after a period of 
rest and found subordinates already eating he was 
not so likely to attack them, but instead would join 
them. However, any mouse moving either away from 
the feeding aggregate or approaching it was much 
more likely to be attacked. Motion per se appears to 
be a stimulus initiating attack. Likewise, a subordi- 
nate mouse in a motionless position was quite likely 
to attack another mouse in retreat past it from a 
still more dominant mouse, even though the retreating 
mouse usually dominated the motionless one. This is 
one type of social chain reaction. A second, and 
more frequent social chain reaction, is one in which 
a defeated mouse attacked the next mouse he en- 
countered. These two types of social chain reactions 
account for the frequent reversals in social status 
observed among most of the C57 mice except in rela- 
tion to the most dominant one, 315 (Table 7). 

Recognition and avoidance contribute to reduction 
in overt conflict. All subordinates at times retreated 
from the dominant 315 without being attacked di- 





94 JOHN B. CALHOUN 


rectly by him. These include retreat from the locality 
where 315 is attacking another However, 
they also appeared to recognize 315 as an individual 
or at le even when 315 had 
his back turned. Similar avoidance, however, oc- 
among the other mice of each other. One 
general characteristic of these avoidances was that 
the stationary mouse being avoided occupied a posi- 
tion where conflicts were frequent. It may well be 
that it is the situation, which ineludes a mouse, that 
rather than another mouse as a specific 


mouse. 
-ast as a dominant mouse, 


eurred 


is avoided, 
individual. 

Posture and movements frequently become altered 
following a series of conflict situations. Approaches 
are made with slow deliberate motions and may be 
rapid withdrawal. Even when no other 
mouse is in the vicinity the deliberate movements 
may be accompanied by a marked extension of all 
four limbs. In some eases the tail is arched stiffly 
over the back. At other times the tail may be rattled 
against the floor with unusual vigor, the mouse may 
prance about with extended limbs, and the entire 
body may tremble. Even the dominant mouse occa- 
sionally behaved in this latter fashion. 

DBA Colony 2. The over-all pattern of behavior 
described for C57 mice also applies to the DBAs. 
What is different is the greater intensity of inter- 
actions by the DBAs. For example, when the domi- 
nant C57 male, 315 entered the food pen containing 
a feeding aggregate, he would most likely walk all 
of the way to the food hopper before initiating an 
However, the more typi- 
257, was to 


followed by 


aggressive action, if at all. 
cal action of the dominant DBA male, 
enter the food pen, pause just inside the door, become 
tense as indicated by extended legs, and then dash 
to the food hopper where he would throw himself at 
a mouse, knock it down, and then chase it away. 
Fights, particularly between the dominant, 257, and 
the contender, 275, greater duration, and 
chases continued over a greater distance. Following 
a sequence of chases and fights, the dominant 257 
would even attack a female. This was never observed 
Following fights quivering of the body 
was frequently noted. On two occasions this agita- 
accentuated in the contender, 275, 
that even after 257 had left him he continued to run 
about on his hind legs, striking out with his forefeet, 
and thrusting with his head and shoulders, just as if 
he was still engaging an opponent in fierce combat. 


were of 


among C57s. 


tion became so 


PLACES OF AGGRESSION AND RETREAT 


C57 Colony 2. There were two locations in which 
mice most frequently encountered each other. One 
of these was within or at the entrance of the food 
pen. Here three-fourths of the aggressions took 
place (Table 15). The other place was in and about 
the nesting boxes on the lowest shelf. Less than five 
percent of the aggressions took place here. Lack 
of fighting about these nesting boxes were associated 
with two other sets of circumstances. Aggregates 
of sleeping and resting mice formed here which in- 
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cluded the dominant mouse and several subordinates, 
Whatever the reason for the formation of these pas- 
sive aggregates, the nesting box itself probably bhe- 
same a sign eliciting passive behavior or inhibiting 
aggressive behavior. Lack of aggression about the 
boxes on the lowest shelf of the harborage stand may 
even more so, a result of its frequent 
avoidance by all but the dominant mouse, 315. An 
understanding of the frequency with which aggres- 
sions occur at particular places (Table 15) requires 
consideration of the places to which the subordinate 
mice retreat following aggressions (Table 16). 


be equally, or 


TABLE 15, Frequency of aggressive actions according 
to the place of their occurrence, C57 Colony 2. 





Percent 


Place 


Food pen floor. . : 
Nesting material ‘box. 


Near bases of ramps. . 
Under harborage stand. we 
From harborage boxes. . 
Bare shelves. 


TABLE 16. Frequency and place 


nant mice, Colony 2. 





Place of retreat 
Shelves lacking aettiog hones. 
Outside corners of food pen. 
Under or behind harborage stand. 
Shelves with nesting boxes. 
Behind food hopper or in seni 

material box. 

Roof of food pen 
Just outside food pen door. 





Total. . 








Only five percent of retreats were to the lowest 
shelf, although 76% of records of mice resting in 
boxes was for this shelf (Table 5). The majority of 
retreats were to the set of shelves lacking nesting 
boxes. Most (28) of these were to shelf 2. One to 
five suhordinates would huddle together on the edge 
of the shelf where they either slept or peered down 
the ramp. Since only 5 of 45 retreats to the bare 
shelves were to shelf 1, it is concluded that there is 
a generalization of the avoidance of the lowest shelf 
with boxes to include the lowest shelf without boxes. 
The dominant mouse, 315, was never seen to go to 
the bare shelves. He spent his periods of activity 
going back and forth between the food pen, and the 
set of shelves containing boxes, particularly to shelf 
1. Places of retreat lay peripheral to this route. 
The second such major position of retreats was under 
or behind the harborage stand. Even within the food 
pen, retreat into the nesting material box or behind 
the food hopper served to avoid this major route 
of the dominant mouse. 
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With this background we may now return to the 
question of places where aggressions occur (Table 
15). Aggressive actions take place either along the 
main route of travel by the dominant mouse or at 
those places where retreats terminate. The most 
dominant mouse, 315, rarely followed subordinates to 
the places where retreats terminated. Actions by 
him do not account for aggressions in the peripheral 
positions. As may be seen from (Table 17) the ag- 
gressions of lower ranking mice were more frequently 
at these peripheral locations. Places of security from 
dominant mice became contended goals. This con- 

TaBLE 17. C57, Colony 2. Places of aggressive actions 
according to social rank (DSN score). 





| Other 9 
mice 


Mouse 


DSN score. . . Reps vig set 88 (mean) 
Total aggressive actions... . 76 cf 45 
Percent at locations 


Food pen floor... 
Elsewhere... . 


tention caused further dispersal. Usual positions 
taken: 311, 286 and 303 on bare shelf 2; 282 and 
317 under and behind the harborage stand; 288 on 
bare shelf 1; and 290 in one of the boxes on the 
fourth shelf. On the basis of the social rank of the 
mice, the places of retreat are of decreasing value 
in the order listed. The ramp to shelf 2 was a part 
of shelf 2 in so far as its use by mice was concerned. 
Thus the advantages of shelf 2 over under-and-be- 
hind-the-harborage-stand as a place of retreat appear 
to have been: a. Mice on it were better able to detect 
whether or not the dominant 315 was in or near the 
food pen; b. Mice on it were more effectively re- 
moved from the dominant mouse’s route of travel. 
DBA Colony 2. The general pattern of places of 
aggression and places of retreat characteristic of 
DBA mice are similar to those of C57 mice except 
that aggressions were essentially limited to the domi- 
nant 257 and his contender, 275 (Tables 16 and 18). 
Places of retreat were somewhat different from the 
C57 mice. 267 when fleeing from either 257 or 275 
usually climbed up on top of the food pen. The con- 
tender, 275, usually ran behind a 40 mm pipe which 


TABLE 18. Aggressive action by the two most dominant 
mice, DBA Colony 2. 





Place 


| 
Within or near entrance of food pen...| 50 
absent) 
Lowest shelf with nest boxes a 
Outside corners or roof of food pen... 
Under harborage stand... 


ETS ae ee 





THE SoctAL BEHAVIOR OF Two INBRED STRAINS OF HovusE MICE 95 


protruded through the floor near the wall about 45 em 
in front and to the right of the entrance of the door 
from the food pen. This was to one side of the usual 
route of travel of the dominant 257 from the food 
pen to the base of the ramp to shelf 1 with boxes. 
When attacked by 257 the pipe served as a barrier 
which enabled to dodge around and 
275 frequently tolerated 280, and less frequently one 
of the other mice at this position. They were further 
protected here since the aggression by 257 was usu- 
Aggressive actions by 275 


210 escape. 


ally directed toward 275. 
were directed toward the seven other still lower rank- 
ing mice, but they generally took place outside the 
food pen at the favored peripheral places of retreat. 
Even more precisely than with the C57 mice, prox- 
imity to the food pen was inversely related to so- 
cial rank. Number of social rank, DSN 
score in parenthesis, and usual location during the 
periods of activity were: 257 (284) in the food pen; 
275 (163) and its parasite 280 (49) near entrance 
to food pen; 267 (76) on top of food pen; 278 (70) 
under or behind harborage stand; 273, 255, 259 and 
261 (mean DSN score of 41) in boxes on harborage 
stand. 


mouse, 


DISCUSSION 
PHYSIOLOGICAL STABILITY 

It has already been stated that the two strains were 
selected for use in the present study solely on their 
differential susceptibility to audiogenie seizures and 
on their differential incidence of mammary tumors. 
However, there are many studies which report differ- 
ences, in the general characteristic which I am desig- 
nating, physiological stability. By physiological sta- 
bility I mean any condition, such as enzyme activity, 
hormonal balance, or reaction to antigens, which per- 
mits the individual to make those responses or adjust- 
ment which are of survival value. In nearly every 
instance the data indicate a relative physiological 
stability for C57 Blacks and instability for DBAs. 
These differences will be used in the development of 
an hypothesis concerning the origin of the different 
behaviors these two strains. Unless 
otherwise mentioned, the following data, or references 
to the appropriate literature pertaining to it, may be 
found in Griineberg (1952). The comparisons listed 
below primarily concern C57BL sublines 6 and 10, 
and DBA sublines 1 and 2. 

DBA produce 8.20 eggs per ovulation of which 
only 58% survive through fertilization to birth, while 
C57 produce only 6.65 eggs per ovulation but 84% of 
these survive to birth. DBA introduced into 
C57 uteri do just as well as do C57 ova, while C57 
ova introduced into DBA uteri do just as poorly as 
do DBA ova. Thus it may be seen that the deficiency 
lies in the intrauterine environment of DBAs. Gesta- 
tion is on the average 12 hours longer for DBAs. 
More DBA than C57 are stillborn and more die be- 
tween birth and weaning. Fekete (1946) found a 
similar but lower consistent strain difference in ova 


observed for 


ova 
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per ovulation (5.2 for DBA, and 4.2 for C57). DBA 
are presumed to produce more estrogen because of 
the greater number of growing follicles. Similarly 
DBA are presumed to produce more progesterone, 
since there are not only more corpora lutea from 
each ovulation, but each set persists longer, so that 
in DBAs 7 or more sets may simultaneously be pres- 
ent, but never more than 3 for C57s; and the meas- 
ured volume of DBA ovaries was 2.3 x that of C57. 
The estrogenic and luteal hormones stimulate cell di- 
vision in the mammary glands. As the corpora lutea 
regress, and the hormonal balance is toward more 
control by anterior pituitary prolactin, cell division 
ceases and elaboration of milk begins. This shift 
takes place before the termination of pregnancy in 
C57s. However, due to the relatively greater 
amounts of progesterone present in DBAs some por- 
tions of the mammary glands persist in cell division 
right through termination of pregnancy. This per- 
sistence of cell division due to hormonal imbalance 
is presumed to be a major predisposing factor in 
development of mammary tumors. Furthermore 30% 
of DBAs develop ovarian cysts but only 13% of 
C57s. 

Gonadectomy of either sex leads to extensive nodu- 
lar hyperplasia and hypertrophy of the adrenal cor- 
tex of DBAs but such changes are rare in C57s. At 
34 days of age, and presumably also at later ages, 
both the diameter of the cortex and the per cent 
of it consisting of Sudanophil cells in C57 is twice 
that in DBA. Furthermore C57s frequently have 
accessory adrenal glands. The greater size of adre- 
nals in C57 should enable them to adjust to those 
stresses on the physiology falling under Seley’s “Gen- 
eral Adaptation Syndrome.” Development of adeno- 
carcinomas in gonadectomized DBAs perhaps results 
as a byproduct of the greater demand placéd on its 
smaller adrenals to synthesize sex hormones. 

The thyroid of DBA is more active than that of 
C57. In fact Silberberg & Silberberg (1954) inter- 
pret this as hyperactivity on the part of DBA. When 
they radiothyroidectomized these strains at 6 months 
of age with I'*! differential strain results were ob- 
tained. More DBAs developed joint lesions and these 
were developed at an earlier age. These authors in- 
terpret this as developing from a relatively greater 
deficiency of thyroid hormone. On the other hand, 
more C57s developed tumors of the pituitary. These 
authors suggest that this is not because of a greater 
hormonal imbalance of C57, but rather that more 
[131 is free to attack the pituitary since less of it is 
taken up by the thyroid. Furthermore C57 on the 
average lived 1.8 months longer, although still rarely 
living longer than two years. 

The normal level of leucocytes in the blood is 
higher for C57, yet DBA commonly develop lymph- 
oid leukemia in later life. Again there is the possi- 
bility of a causal relationship between normal hy- 
pofunction of the lymphoid tissue, the relatively 
greater demand placed on it at times when the body 
is invaded by disease organisms, and the tendency to 
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develop leukemia. Several lines of evidence indicate a 
generally lowered resistance to infection on the part 
of DBAs. Their ability to produce antibodies is ex- 
ceptionally poorly developed in comparison with 
C57s. In other strains of mice, which were particu- 
larly selected for differential resistance to disease, 
high resistance strains had high leucocyte counts and 
low resistance strains had low counts. Although there 
are exceptions, most workers find that C57 of both 
sexes outlive DBA. Dr. H. B. Andervont (personal 
communication) finds this true of his colonies although 
both strains lack the extra-chromosomal mammary tu- 
mor exciting factor. Most DBA die by 24 months 
while many C57 live longer. DBAs have a much lower 
resistance to malaria infection than do C57 (Nadel 
1954). In this process C57 show a greater enlarge- 
ment of the spleen (Dr. E. M. Nadel, personal com- 
munication). 

Morris & Dunn (1951) found that all DBA on 
pyridoxine deficient diets were dead by 38 weeks but 
that some C57 were still alive at 56 weeks. 

There is normally a sex difference in size. This 
develops by four weeks in C57, but not until six 
weeks in DBA. Retardation of growth of male DBAs 
is a maternal effect. When newborn DBAs are cross 
fostered on C57 mothers the males become larger 
than females at four weeks. Similarly cross foster- 
ing of C57 young on DBA mothers, causes retarda- 
tion of their growth. 

When injected with the barbiturate, hexobarbital 
sodium, DBA sleep much longer than C57 (Dr. 
George Jay, personal communication). The enzyme 
system, which metabolizes this substance, is located 
in the liver. It is concluded that some aspect of it 
is less efficient in the DBA. 

No DBA are resistant to implantation of “sar- 
coma 37” while 99% of C57 are resistant. On the 
other hand, DBA are less likely to develop sarcoma 
of subcutaneous tissue following subcutaneous in- 
jection of carcinogenic hydrocarbons. 

The above data strongly indicate that DBA mice 
are much more prone to develop imbalances in their 
maintenance of physiological homeostasis than are 
C57BL mice. There was certainly no conscious se- 
lection for many of these traits, and yet the end 
result of inbreeding has been to develop two strik- 
ingly different strains. Although good information 
is lacking on most of the genes involved, it is quite 
likely that some genes affect the expression of more 
than one of the above characteristics. 


aided 


BEHAVIORAL COMPARISON, C57 witH DBA 


All data recorded in this paper involving differ- 
ences in behavior between these two strains appear 
to be derivatives of a differential ability to adjust 


to altered situations. The first area of difference is 
that revealed in the accommodation to a new and 
complex environment. Without exception the 
mice exhibited a marked tendency either to 
all situations requiring a response not previ- 
expressed, or to develop a more stereotyped 


more 
DBA 
avoid 
ously 
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behavior. This avoidance led to a long lapse of time 
prior to full utilization of the harborage stand and 
its contained nest boxes. It also led to a failure to 
utilize solid pellets of food or other types of nesting 
material than that with which they had experience 
prior to weaning. Their failure to peer out the door 
of nest boxes indicates a withdrawal in the sense 
that by not doing so they avoided perceiving the 
actions of their associates. These avoidances pro- 
duced the stereotyped behavior of persisting, wher- 
ever possible, in prior activities. Stereotyping was 
also apparent in the infrequent reversals of social 
rank among males. With reference to each of these 
types of behavior the C57 exhibited marked plastic- 
ity and rapidity of adjustment. Nest boxes and the 
harborage stand were explored very soon after they 
had the opportunity. New forms of nesting material 
or food were immediately utilized. There were fre- 


quent reversals of social rank involving all but the 


dominant male. 

The second area concerns the intensity of fighting. 
Upon the attainment of sexual maturity, and inferen- 
tially a heightened androgen level, fighting among 
males ensued. Among the DBA mice the dominant 
male for practical purposes never made any further 
alteration of his behavior; he always attacked every 
subordinate mouse each time it was encountered. 
Even though a neutral relationship might exist mo- 
mentarily it was soon disrupted by an attack on the 
part of the dominant male. In Colony 2 the second 
ranking mouse assumed much of the character of 
the dominant mouse in his relationship to all the 
other subordinate mice. After the first few fights the 
subordinate mice developed the undeviating behavior 
of submission and avoidance. Most fights were in- 
tense and prolonged. The fighting and social behavior 
was quite otherwise among the C57 mice. With the 
one exception, to be emphasized later, aggressive be- 
havior, even by the dominant male, was less intense 
and the fights or shorter duration than for the DBA 
mice. All individuals developed adjustments involv- 
ing, cessation of aggression, replacement by the milder 
forms of pushing characteristic of adolescence, or 
mild threats of short approaches or motions of the 
body toward another individual who in return usually 
exhibited withdrawals of shorter distances. 

CONSEQUENCES OF SOCIAL INTERACTION 

There are three major consequences of social inter- 
action in which these two strains differ. Reproduc- 
tive performance may be altered. Deleterious effects 
always accompanied reproduction of DBAs when the 
mother had been ranging through the more complex 
standardized environment in the presence of three or 
more males. Disruption of maternal behavior, in 
which the mother ate her young shortly after birth, 
was the major effect. Rosvold (1949, 1953) has 
shown that such disruptions in maternal behavior 
will arise in a laboratory strain of Norway rat, when 
the mother is exposed to chronic disturbance suffi- 
cient to produce hypertrophy of the adrenal cortex. 
Although no histological examinations were made of 
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the DBA mice, the female’s physiology was appar- 
ently under considerable stress. The major stressor 
was attack by males. During the hyper-excited state, 
characteristic of fighting DBA males, a male fre- 
quently made the error of attacking a female, even 
a pregnant one, which happened to be in his route 
of travel. Adjustment to a more complex environ- 
ment is apparently also a sufficient stressor to dis- 
rupt maternal behavior of DBA mice. The second 
litter born to the female which initiated colony 
1 A had undergone foetal development while their 
mother was undergoing adjustment to the food pen. 
However, the critical variable was the fact that for 
the three days preceding parturition the mother was 
undergoing the much more stressful adjustment to 
the harborage stand. This litter was eaten. At the 
lower density of Colony 1 A, C57 females reared 
their young. However, they were not exposed to in- 
tense fighting among males or attacks by them. At 
the higher densities of Colonies 1 B and 2 there was 
both failure to conceive and destruction of litters 
by both DBA and C57, even though conflict inter- 
actions were not so intense among C57. Thus it is 
evident that both strains are susceptible to disrup- 
tion of reproduction through social interaction, but 
that these effects appear at a much lower population 
density among DBA mice. In fact it is highly un- 
likely that DBA mice could successfully maintain 
themselves in any environment other than in small 
cages, where density is maintained low by human 
interference. 

The second differential consequence of 
teraction relates to hastened death. Within 75 days 
of the formation of DBA Colony 1B, consisting of 
14 adults and 15 23-day-old young, all the mice were 
dead. Some mice did receive small nicks during 
fights, but these could hardly have been considered 
the cause of death. Furthermore lack of availability 
of food was not a factor. It is, therefore, concluded 
that death was an indirect consequence of fighting, 
through some physiological alteration, possibly re- 
lating to the adrenal cortex as discussed by Christian 
(1950). C57 Colony 2, though starting with nearly 
twice the population (53 vs. 29) did not die off so 
rapidly. Furthermore, a major contributing factor 
to death was starvation, since the food hopper fre- 
quently became jammed with the bodies of mice 
suffocated in the food slot. It therefore appears that 
C57 mice are more resistant to the stress of social 
interaction than are DBAs. 

The third consequence of social interaction is dis- 
persal. As a consequence of the more intense social 
interactions of DBA mice, they formed relatively 
smaller aggregates both in the food pen and in the 


social in- 


nest boxes. 
CHANGE IN Moop 
During the resting hours mice were much more 
tolerant of each other. Even DBA males, who regu- 
larly fought intensely on the floor of the food. pen, 
often slept in the same nest box. This greater amica- 
bility at times of reduced locomotor activity was even 
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more marked among C57 mice. Similar changes 
from passivity towards aggressiveness took place 
among males at the food hopper. Initially each mem- 
ber of a feeding aggregate confined its activity to 
eating, even though in direct contact with a neighbor. 
Gradually pushing with the forepaws or with the 
whole body ensued. This pushing became intensified 
and regularly terminated in a sufficiently aggressive 
action by one mouse to disrupt the feeding aggregate. 
That is, aggressive action followed an increase in 
level of general activity. The type of action, by which 
mood is inferred, exhibited by the dominant mouse 
of a colony as he entered the food pen and ap- 
proached a passive feeding aggregate was related 
to his prior state of activity. If he had just emerged 
from a nest box after a period of rest he was much 
more likely to passively join the aggregate. How- 
ever a preceding period of activity (exploring the 
harborage stand, ete.) predisposed him to initiate an 
immediate attack. Such attack by a dominant DBA 
male arose after a shorter preceding period of ac- 
tivity, than by a dominant C57 male. For the DBAs 
it is quite apparent that both auditory and visual 
stimuli arising from other mice serve to alter the 
mood from passivity toward aggressiveness. Changes 
in stance and direction of motion indicate the imme- 
diate effect of such stimuli. Such stimuli, are usu- 
ally less effective in inducing mood changes in C57s, 
probably because of their greater facility in develop- 
ing adjustive behaviors which reduce marked con- 
flict. This latter, at least, makes more difficult the 
observational identification of the effect of such 
stimuli. When a subordinate mouse, particularly 
among C57s, was attacked by a more dominant one, 
it was in turn much more likely to attack another 
subordinate mouse. The level of activity of this sec- 
ondary attacker, and presumably also his emotional 
level, was heightened by being attacked. A final and 
pertinent incident of mood change was that which 
arose at the time of formation of C57 Colony 1 B 
by the union of two adjoining pens. Members of the 
longer established Colony 1 A invaded the adjoining 
pen. Locomotor activity of these mice was definitely 
inereased as they initiated a period of intense ex- 
ploration of the new environment. After spending 
some time on the floor each mouse finally reached 
one of the shelves of the stand which was new to 
them. However, this was not accomplished until each 
mouse had gone part way up several ramps, before 
returning to the floor each time. This vacillating be- 
havior, which had never been exhibited on their own 
harborage stand, indicated that exposure to this new 
environment, though similar to their own, was an 
emotional experience. Sight of strange mice similarly 
must have been an emotional experience. Fights with 
the strange mice immediately began. However, the 
most interesting phase of their behavior was that 
extremely severe attacks, in which wounds were re- 
ceived, began among the Colony 1A males. Such 
fighting among these males was never seen prior to or 
following this date. This fighting was preceded by 
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conditions which aggravated both locomotor activity 
and emotion. 
ACTIVITY AND EMOTION 

From the above discussion there are indications 
of an interdependent relationship between level of 
activity and emotion, where the latter is judged by the 
behavior of the mice. Certain data regarding other 
animals, particularly domestic Norway rats (Munn 
1950), provides insight into this relationship, which 
provides the key to the interpretation of intrastrain 
behavior as well as differences between strains. 

Secretions of the anterior pituitary, adrenals, thy- 
roid and gonads maintain a level of activity which 
is diminished upon their removal, or which can be 
returned to normal by injections of the hormones. 
Hunger, thirst, and vitamin deficiency increased ac- 
tivity. Where activity relating to that associated with 
the nest, food souree, and spontaneous running were 
recorded separately (for the cotton rat, Sigmodon; 
Calhoun 1945) a short period of feeding usually pre- 
ceded running, although for the remaining portion 
of each period of activity, these two types of activity 
alternated. These data indicate that physiological 
alterations can modify activity level, which in the 
ease of food consumption produces an increase within 
a few minutes. The question that remains unsatis- 
factorily answered is: what is the function of spon- 
taneous activity? Inherent in most of these studies is 
the implication that modification of spontaneous ac- 
tivity assists in maintenance of physiological ho- 
meostasis. This assumption will be adhered to in 
the development of a rationale to explain the ob- 
served behavior of house mice. Studies that are 
greatly needed are those in which the time course of 
change in activity is followed from the moment when 
physiological homeostasis is altered by administra- 
tion of appropriate substances. 

Emotional state also alters activity level. Begin- 
ning with Hall (1934) there have been many studies 
with domestic Norway rats which show that introdue- 
tion into a strange situation or presentation of un- 
accustomed stimuli results in a temporary elevated 
emotional state as judged by such outward mani- 
festations as defecation, urination, or excessive 
grooming. Similarly it is a common experience that 
rats, which have access to an activity wheel, engage 
in intense periods of running, immediately following 
unaccustomed loud noises in the laboratory. 

I am at present engaged in experimental studies 
(unpublished) of exploratory behavior and home 
range. In one series of experiments, rats are placed 
in an enclosed alley 3.5 m long with a nest compart- 
ment at one end. The time course of excursions 
through 72 hours are automatically recorded. Rats 
are placed in the alley during the middle of the day. 
The nearly invariable immediate response is to defe- 
cate. Defecation is immediately followed by a 30-120 
minute period of more intense activity than takes 
place during the remaining 70 hours. Essentially no 
running takes place during the diurnal period of the 
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next two days. There is little doubt that heightened 
motor activity usually accompanies an elevated emo- 
tional state. 

In summary, undirected or spontaneous activity 
may be altered by exteroceptive stimuli of emo- 
tional import, or by permanent states or temporary 
changes of physiology. These latter must initiate the 
origin of afferent visceral impulses terminating at 
some neural center which induces the spontaneous 
activity, or the physiological changes must affect this 
center directly. Recent studies (French et al. 1952; 
Verney 1947) indicate the possibility of a system 
which can modify spontaneous activity by either ex- 
teroceptive stimuli or physiological changes. At the 
base of the brain there lies an area comprised of the 
midbrain tegmentum, the subthalmus, the hypothal- 
mus, and the medial portion of the thalmus. It is 
designated as the reticular activating system. It 
responds as a unit to stimuli of either visceral, visual, 
auditory, or somatic origin. Conscious perception is 
not involved in its activity, but rather firing of this 
system continues long after termination of stimulus, 
and leads to a general activity of the cortex, which 
in turn produces a state of increased activity, aware- 
ness of sensation, and arousal to wakefullness. If 
physiological changes can initiate afferent visceral im- 
pulses this activating system may be placed in opera- 
tion. However, it is possible that functioning of this 
activating system may be directly initiated by physi- 
ological changes as is the exeretion of antidiuretic 
hormones from the neurohypophysis. Inereases in 
osmotic pressure in the carotid arterial blood is de- 
tected by osmoreceptors in the neurohypophysis 
which initiates release of the antidiuretic hormone. 
Just as with the reticular activating system, extero- 
ceptive stimuli of emotional import also activate the 
release of antidiuretic hormone. Whether or not the 
osmoreceptors involved in antidiuretic hormone re- 
lease also stimulate the reticular activating system is 
unknown. Suffice it to say, that the above indicates 
the plausibility of existence of a system which can 
mediate alterations in spontaneous activity from 
either exteroceptive stimuli or physiological changes. 

BEHAVIORAL CHANGES AND PHYSIOLOGICAL 
HoMEOSTASIS 

One further general concept is needed to construct 
a formulation of the origin of behavioral differences 
between DBA and C57 mice. This is that an animal 
can make learned adjustments in behavior that result 
in restoration of physiological homeostasis. The tre- 
mendous literature on hunger and thirst motivation in 
learning problems by rats (Munn 1950) substantiates 
the reality of this ability. Also a rat may be deprived 
of some essential chemical compound, which is lack- 
ing in its normal diet. When exposed to a series of 
containers, only one of which incorporates this lack- 
ing material in the contained food or water, the rat 
develops the ability to select food or water from the 
one container in which the deprived substance is lo- 
cated. This is just a special case of the relationship 
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of homeostasis to learning. Another (Dr. D. H. K. 
Lee, personal communication) is that of an Aus- 
tralian marsupial which was used in heat tolerance 
tests. Each day they were placed in cabinets at 
room temperature. Behavioral adjustment was to 
turn over on the back and extend al! four legs as the 
temperature was gradually elevated. This exposed 
maximum surfaces for loss of body heat. Within a 
few days, each would turn over on its back as soon 
as placed in the cabinet and extend its legs in antici- 
pation of the forthcoming elevation in temperature. 
Thus there ean be little doubt that animals can adjust 
behavior in a direction that facilitates resumption of 
physiological homeostasis. 

CONCLUDING ASSUMPTIONS AND OBSERVATIONS 

. DBA mice are physiologically less stable than are 

C57 mice. That is homeostasis of many physio- 

logical systems of DBA mice are more readily 

placed in a state of imbalance. 

. DBA mice exhibit more stereotyped behavior than 
do C57 mice. In other words, C57 mice more 
readily develop learned adjustments to new en- 
vironmental situations. 

.DBA mice exhibit malfunction of reproductive 
and maternal behavior, and premature death 
takes place at lower population densities than 
characterizes C57 mice. 

. Intensity of activity, including social interaction 
is much greater among DBA mice. 

5.Groups of DBA mice are smaller and more dis- 
persed through their environment than are C57 
mice. 

. Social interactions of C57 mice are more passive, 
labile, and of mutual benefit than are those of 

DBA mice. 

7. Frequency of association between pairs of mice 
of either strain are other than random. 

a. Non randomness of association among DBA 
mice is primarily dependent upon avoidance of 
the dominant mouse. 

b. Non randomness of association among C57 mice 
is influenced by both avoidance of the dominant 
mouse and attraction between subordinate mice. 

. Subordinate mice of both strains engage in fewer 
social interactions than do more dominant mice. 
9. DBA males occasionally attack females, but C57 
males were never observed to do so. 
.Change of mood from pacificity toward aggres- 
siveness follows increases in level of activity and 
recency of experiencing situations of emotional 
import. These changes are more frequent and in- 
tense among DBA mice. 
. Emotionality tends to place systems of physio- 
logical homeostasis in a state of imbalance. 
12. Stimuli of emotional import increase activity. 
.Inerease in activity is an adjustive behavior, 
which, if not unduly aggravated, assists in the 
return of physiological homeostasis. 
. Modification of the level of undirected spontane- 
activity may through exteroceptive 


ous arise 
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stimuli, visceral afferent impulses, or physiologi- 

eally induced alterations in osmolarity. 

5. Behavioral adjustments, which may develop into 
learned or habitual patterns of action or inaction, 
develop along lines assuring prevention of dis- 
turbance of physiological homeostasis, or a rapid 
return to homeostasis following an imbalance in 
it. 

Item 1 is an inference drawn from the extensive 
literature on these two strains. It is the critical as- 
sumption from which stems the present interpreta- 
tion of the observed behavioral differences between 
these two strains. Items 2 through 10 are the major 
observed behaviors and consequences thereof. Items 
11 through 15 are concepts or inferences based upon 
studies reported in the literature. Items 1, and 11 
through 15, will be utilized in formulating a con- 
ceptual framework for gaining insight into the origin 
of differences in behavior exhibited by these two 
strains of mice. 

HOMEOSTASIS AND BEHAVIOR, A THEORY 


As the individual matures it begins to explore its 
environment. In doing so it is exposed to new stim- 
uli, new associates, or new interaction situations with 
former associates. Each such new experience is an 
emotional one which places some aspects of its physi- 
ology in imbalance. Increase in activity is a gen- 
eralized state which facilitates return to homeostasis. 
However, while in the inereased state of activity one 
of two events transpire. The individual by chance 
encounters situations or makes adjustments which 
foster reduced emotion and return to homeostasis; or 
it encounters situations which further aggravate the 
state of physiological imbalance. Furthermore the 
animal will by chance experience a variety of situa- 
tions or make a variety of adjustments which vary in 
the extent to which homeostasis is altered. Those 
behaviors will become fixed that tend to bring a 
rapid return to homeostatis, or which avoid its dis- 
ruption in the first place. All that has been said 
up to this point is an explicit component or implicit 
inference from current concepts of physiology or 
learning theory. 

Animals do differ in their ability to adjust physio- 
logically when exposed to stressful situations. The 
question is “How does the ability to make physio- 
logical adjustments determine behavior?” Let us take 
the DBA type first. Any new experience, particu- 
larly those involving another individual, will likely 
produce a maximum disturbance of one or more as- 
pects of physiology. Therefore, it will be impossible 
for the development of learned behavioral adjust- 
ments, whose origin requires differential alterations 
of homeostasis. Where adjustments do develop, as 
in the present study in relation to entering nest 
boxes, the learning process is impeded. Where an- 
other individual is involved, physiological disturbance 
is so great that there is never an opportunity to de- 
velop any interaction other than that of fighting. 
The one adjustment possible is that of avoidance. 
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individuals or any new situation may be 
avoided. Such avoidance prevents disruption of 
homeostasis. This leads to a generalized learned be- 
havior of avoiding new situations. When a situation 
cannot always be completely avoided, such as meeting 
another individual, persistence of physiological dis- 
turbance will be proportional to probability of con- 
tact. Persisting aggression or avoidance are logical 
consequences of an unstable physiology. Dispersion 
of individuals, and even further reduction of repro- 
ductive performance and survival, from that seen in 
the small cages, is also a logical consequence of 
phenotypic characteristics of persisting aggression or 
avoidance engendered by the more complex environ- 


Other 


ment. 
Now let us consider the C57 type with its more 
stable physiology. Exposure to new situations are 


likely to be accompanied by slight alterations in 


homeostasis, and a lessened elevation of activity. 
There will be possible a wide range of extent of ho- 
meostatie disturbance. Thus it will be possible for 
the animal to develop those habits which reduce the 
degree of physiological disturbance, without having 
to resort so frequently to avoidance. Because activity 
level and emotion are not so greatly enhanced in a 
new situation, such as when two individuals meet, 
fighting is less likely to begin, and the learning of 
more passive or cooperative behavior is possible. 
Satisfactory reproductive performance, longer sur- 
vival, and greater aggregation of individuals are 
logical consequences of the amelioration of open 
conflict and a reduced prevalence of avoidances, 
whose origin was possible in the physiologically 
stable strain. 

One unsatisfactorily explained question is what 
underlies the first instance of fighting between two 
individuals. Seott & Fredericson (1951) have dis- 
cussed the “Causes of fighting in mice and rats”. 
Actually they take fighting as a given behavior and 
discuss how physiological alterations and learning 
affect intensity or prevalence or fighting. However, 
there are two concepts in the present paper, not ex- 
plicitly stated by Seott and Fredericson, which help 
to predict the probability of fighting. These are 
that the extent to which a given situation involving 
two individuals elevates the emotional state is corre- 
lated with the degree of physiological instability, 
and that augmentation of activity is correlated with 
level of emotionality. The more activity is elevated, 
the more likely two individuals will interaet vigor- 
ously with each other. There still remains the unex- 
plained phenomenon of why two individuals inter- 
acting vigorously tend to fight. 

Fredericson (1951) later postulated the origin of 
spontaneous fighting between mice as a result of the 
attempt by each to restore, perceptual homeostasis. 
He defined perceptual homeostasis as a “psycho- 
logical need to predict and control environmental 
stimuli”. Thus he postuiates that two mice encoun- 
tering each other for the first time, or in a new situa- 
tion, engage in combat in order to control the be- 
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havior of the other and make it more predictable. 
This assumes, what appears to me, an untenable 
teleological supposition, of cognizance that engaging 
in a fighting interaction for the first time will lead 
to greater predictability of behavoir of the other 
mouse. Rather initial fighting needs no further as- 
sumptions than that of increased activity, and thus 
more vigorous bodily contacts, in which prior be- 
haviors such as the forepaw-pushing associated with 
nursing, and the biting associated with obtaining 
food, are by chance expressed in relation to another 
individual. Once individuals have experienced such 
interaction, then changes in pattern of fighting or 
other substitute social interaction, may be antici- 
pated, in the direction of stereotyping, or predicta- 
bility according to Fredericson’s concept of  per- 
ceptual homeostasis. 

A slight redefinition of perceptual homeostasis is 
required in order to maintain it as a special case of 
the concept of physiological homeostasis, as this was 
apparently Fredericson’s intent. This is: Perceptual 
homeostasis is the state of maximum predictability 
and control of environmental stimuli. 

Changes in perceptual homeostasis will generally 
be paralleled by similar changes in physiological 
homeostasis. That is, as the interaction 
more predictable, there will be fewer alterations of 
physiological homeostasis and less elevation of emo- 
tion. However, certain characteristics of the social 
hierarchies indicate the possibility of their inde- 
pendence. The conditions of C57 Colony 2 and DBA 
Colony 2 are particularly noteworthy. In each col- 
ony the second ranking mouse frequently challenged 
the dominant mouse, yet he always lost. Behavior 
was highly predictable; perceptual homeostasis was 
achieved. Yet its very achievement, involving fight- 
ing, must have upset physiological homeostasis. Per- 
of this masochistic behavior indicates the 
value of perceptual homeostasis for the individual. 
Among DBA mice at all population densities and 
among C57 mice at higher densities, the dominant 
mouse, or despot, regularly achieved predictability of 
his associates’ behavior, at the expense of imbalance 
of his own physiology as well as that of the subordi- 
nate mouse. 


becomes 


sistence 


A generalization based upon DBA and C57 mice: 
Attainment of perceptual homeostasis, or the attempt 
to do so, even though this simultaneously disrupts 
physiological homeostasis, forms a frequent char- 
acteristic of phenotypically physiologically unstable 
individuals in contrast to phenotypically more stable 
individuals, who adjust their social behavior in such 
a way that there is a simultaneous achievement of 
predictability of their associate’s actions, as well as 
prevention of disruption of physiology. 

There is also the question of why female mice usu- 
ally do not fight. It is a general rule that females 
have a longer life span than do males (Lansing 1952). 
If this means that they are physiologically more 
stable, lack of fighting may derive from lowered emo- 
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tionality and thus greater ease of learning non- 
fighting adjustments. Fredericson (1952) has shown 
that C57BL female mice can be induced to fight 
following conditions which foster elevation of emo- 
tional level and activity. These conditions were food 
deprivation terminated by placing two mice together 
in a small enclosure containing a single small piece 
of food which could be possessed by a single mouse. 
In my studies of wild rats (Rattus norvegicus) fe- 
males lived longer and fought less than did males. 
However, during lactation, when considerable de- 
mands are made on their physiology to supply nour- 
ishment for their young, these females become ex- 
tremely aggressive. 
GENERAL IMPLICATIONS 

Where a species has lived for many g-nerations in 
a particular habitat, its physiology has become 
adapted to the chemical and meteorological charae- 
teristics of the environment (Hesse et al. 1937). Physi- 
ological adjustments have also probably evolved in 
relation to behavior, including social behavior, so 
that very few species exist in which hereditarily de- 
termined constitution is so disharmonious with its 
environment as it was for the DBA mice in the pres- 
ent study. Where abrupt changes in the environment 
lead to such disharmony the species stands small 
Physiologically 


chance of surviving in that loeality. 
aberrant genotypes do exist in man and his domestic 
animals. Snyder (1954) wears a very rosy pair of 
glasses in viewing the accommodation of these aber- 


rant human genotypes into society. He believes that 
medical and social science will continue making prog- 
ress toward more adequate survival and social accom- 
modation of such individuals. Increasing life span 
certainly indicates that this opinion is in part true. 
But what about Juvenile de- 
linqueney, neuroses, psychosomatic disorders, psy- 
choses, and senile dementia, despite the difficulty of 
obtaining adequate data on trends, appear to be a 
much greater problem in present day society. If 
this is really true, the important inference, in the 
light of the facet that such changes cannot be ae- 
counted for in terms of the slow rate of accumulation 
of genes with deleterious effects, is that the physical, 
situational, and social aspects of man’s environment 
have become so altered that genotypes which formerly 
made adequate adjustments (i.e., physiological and 
behavioral phenotype) no longer are able to do so. 
Population density is increasing and our technological 
society is becoming more complex. Per unit of effort 
the volume of food stuffs produced continues to in- 
crease. There is a wide spread opinion that popula- 
tion increase should be encouraged to keep pace with 
food production. The population of the United States 
and this expansion appears to exert 
economy. As a 


behavioral disorders? 


is expanding, 
a favorable effect on the 
correlate to these circumstances one encounters the 
opinion that if we can only manage to maintain an 
expanding population, this favorable state of the 
business economy will continue. 


business 
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Perhaps this is so, but as biologists we need to 
pose the question: “Are all consequences of popula- 
tion growth equally favorable.” We have seen that 
a fairly physiologically and behaviorally stable ani- 
mal such as the C57BL mouse can be altered into an 
unstable one merely by increasing the size of the 
group. There is little at present to anticipate other 
than a continued increase in prevalence or intensity 
of human behavioral deviations or associated psy- 
chosomatie conditions as density and complexity of 
society continues. Experimental studies of popula- 
tion dynamics and social behavior with infra-human 
animals promises a rich field for ecologists to eluci- 
date general principles applicable to the understand- 
ing and control of such problems. 


SUMMARY 


1. Colonies of inbred strains of house mice were 
established in standardized environments. 

. This standardized environment consisted of a pen 
covering 17.5 sq m of floor space in which was 
located a harborage stand and a smaller pen. 
The smaller pen, which had a single route of ac- 
cess from the larger pen, contained hoppers for 
food, water, and nesting material. On each of 
eight shelves on the harborage stand there were 
four nest boxes. A connected each shelf 
with the floor. 

. Each colony was initiated by introducing one or 
females, or one or more pair 


ramp 


more pregnant 


of mice into a pen. 
DBA /2, C57BL /10. 

DBAs fought more frequently and intensely than 
did C57s. 

On the other hand C57s developed more tolerant 
and passive social adjustments. 


. Strains studied: 


. DBAs formed smaller and more dispersed groups. 

. Reproduction beyond that of the initial litter of 
each introduced female was unsuccessful for DBA 
mice. C57 mice were more successful. 

. At higher densities DBA mice began dying off 
more rapidly than C57 mice. 

.On the basis of many reports in the literature 
DBA mice are less stable physiologically than are 
C57 mice. Criteria used: DBA have a shorter life 
span, greater intra-uterine mortality, greater sus- 
ceptibility to audiogenic seizures, increased inci- 
dence of several tumors, lowered resistence to dis- 
ease, ete. 

. A formulation of the relationship between physio- 
logical stability and observed behavior is as fol- 
lows: 

a. Physiological homeostasis is more easily dis- 
turbed, and is reinstated with greater difficulty, 
in those animals characterized by the above 
types of criteria as being physiologically un- 
stable. 

. New situations, including relations with other 
individuals, produce such disturbances. 
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. These disturbances usually augment activity 
and inerease probability of intense interactions 
between animals. 
. The disturbance of 
homeostasis varies according to the situation 
and the behavior it elicits. 
. Individuals with a relatively stable physiology 
will learn to enter those situations and repeat 
those behaviors which were accompanied by 
Groups consist- 


degree of physiological 


small changes in homeostasis. 
ing of such individuals will exhibit marked tol- 


erances between individuals. Such is the (C57 


tvpe mouse. 
’. Most any new situation will cause marked dis- 
ruption of the homeostasis of physiologically 


unstable individuals. It will thus be impossible 
for discrimination among gradations of be- 
havior, except that of avoidance of situations, 
Most behaviors will involve avoidance or intense 
interactions. Groups consisting of such indi- 
viduals will exhibit marked antagonisms_he- 
tween individuals. Such is the DBA type mouse, 

ge. As population density increases, continued dis- 
ruptions of homeostasis can transform a geneti- 
cally determined stable physiology into a pheno- 
typie unstable physiology with all the accom- 
panying alterations in behavior. 
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